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PREFACE 


It is a fairly obvious fact that skill in the manipulation of the ham- 
mer can be an effective time-saver, but it is not so readily seen that 
skill in the application of the rule and compasses can be a greater, 
and even more effective, means of economy. Pattern -drafting 
cannot be dispensed with. Whether it be the preparation of templets 
to be used in mass production, or the drafting of a single pattern 
to be used once only, marking out has to be done, and this can be 
executed with speed and certainty by craftsmen weU versed in 
methods of geometry. Mental haziness in this connection is largely 
responsible for errors and undue delay. 

Versatility in the art of pattern-drafting is a valuable asset to 
the sheet metal worker, and the ability to adapt one’s knowledge 
of surface developments to fresh problems depends on a clear grasp 
of the underlying principles rather than on a superficial learning of 
haphazard collections of problems. If the study of pattern-develop- 
ing is to be profitable, it should be founded on principles which can 
be systematically arranged to form, a progressive plan or course. 
Examples should be classified so that they develop a line of thought 
or illustrate a fundamental principle. 

An important feature of this work is the classification of method 
as applied to the development of surfaces. The methods of Radial 
Lines, Parallel Lines, and Triangulation are emphasized by the 
arrangement of the problems and the grouping of similarities in 
methods of treatment. This arrangement simplifies the study of the 
principles used in pattern-drafting, and since all patterns may be 
developed by one or other of the three methods mentioned above, 
a clear understanding of the principles involved will assist the 
student or craftsman considerably in gaining reliability as a pattern- 
drafter. The work is divided into courses as a further help in the 
grouping of ideas and principles. The first three courses deal pro- 
gressively ^with the three methods of development. In the Fourth 
Course the method of Cutting Planes applied to the solution of 
problems of intersection is discussed at some length. In the Fifth 
Course, the methods of Double Projection find application in the 
solution of difficult problems of pipe intersection. Twisted surfaces 
and spiral chutes are also included in this course. 

This work first appeared in Sheet Metal Indv^atries in the form of 
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articles, and ] should like to take this opportunity of expressing ray 
thanks to Mr. A. McLeod, Editor of Shfet Metal Industries, for the 
valuable assistance he afforded nu* in getting this work completed. 
My tlianks are due, also, to many friends and colleagues who have 
shown a keen interest in my work, and helped in no small measure 
in the development of my plana. 


A. DICKASON 
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Chaftek 1 

CLASSIFICATION OF GEOMETRICAL FORMS 

If the study of pattern -developing is to be profitable, it should be 
founded on principles which can be systematically arranged to form 
a progressive plan or course. Examples should be classified so that 
they develop a line of thought or illustrate a fundamental principle. 

Those illustrious examples which introduce short cuts without 
diu^ respect to a place in a formulated plan should be regarded with 
caution. Many of the standard problems have been so well pruned 
that they form examples peculiar to themselves. Such examples, 
presented in as few lines as possible, tend to confuse rather than to 
elucidate a principle. There is, of course, something to be said for 
the expression of a problem in its briefest form, since the saving of 
time is always an important consideration, but, for purposes of study, 
methods of abbreviation are best left alone, or reserved for special 
attention after the fundamentals have been thoroughly digested. 

THE OBJECT OF SURFACE DEVELOPMENT 

Most sheet metal articles are of geometrical form, either simple, 
compound, or complex. Included among simple forms are the cube, 
the cylinder, and the cone. Among compound forms, in which twq 
or more simple forms are combined, might be included the watering 
can and the funnel. The watering can, for instance, has a cylindrical 
body and a conical spout. A complex form may be neither simple 
nor compound, but may, in itself, be of some shape not easily defined ; 
a mixture of form, such as a transforming piece from a rectangle 
to an ellipse. 

Since nearly aU sheet metal articles are hollow bodies, the metal 
sheet might be regarded as constituting the “surface.” This surface 
is roUed or worked into form from the flat sheet, and to ensure that 
the finished form shall be correct to given dimensions, the pattern 
cut from the flat sheet should be true in shape and size at the outset. 

1 
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A good deal of time and trouble may be saved in the working up if 
care is taken with the setting out of the pattern. The process of 
determining the shape of the pattern is called “developing the 
surface.” 


CLASSIFICATION OF GEOMETRICAL FORMS 

The great variety of geometrical forms might be classified in num- 
erous ways. The classification should depend primarily on the object 
in view. For the purpose of surface development the order of classi- 
fying should be in accordance with the methods adopted for 
development. 

Class 1. If a piece of cord be suspended from a fixed point, and 
the other end, carrying a weight, be free to move, or swing, the 
weighted end can be made to describe an infinite variety of forms, 
such as a square, a circle, or an oval. If these forms be regarded as 
lying in a flat plane, instead of a spherical, then the cord, kept taut 
by the weight, traverses the surface of a solid having the flat shape 
at its base. 

Since the cord is suspended from a point, it will be clear that, 
whatever shape the base might take, the top of the solid is a single 
point, or apex. This class of solid is termed a “pyramid.” The cone 
might therefore be regarded as a pyramid with a circular base. 

Class 2. If, now, the point from which the cord was suspended, 
instead of being fixed, were allowed to move and describe forms in 
a horizontal plane, the cord, with its weighted end would, by main- 
taining a vertical position, traverse the same forms at the bottom 
as at the top, and therefore throughout its length. 

Solids of this kind have a uniform cross-section in shape and size, 
and are termed “prisms,” The cylinder, which has a circular cross- 
section at any point in its length, may be regarded a prism with 
circular ends. 

Class 3. One other possibility remains. Each end of the taut 
cord might be made to trace out, at the same time, different patterns, 
such as a rectangle and a circle, a square and an ellipse, or any 
other combination of forms. 

This type of body may be called a “transformer,” since its shape 
at one end transforms to a different one at the other. Although 
both ends are different in shape, the piece of cord may be made to 
lie along the surface of the transformer from end to end. This is a 
point of great importance in connection with developments. 

Class 4. There are other geometrical forms which have a surface 
curving both ways, such as the sphere, the spheroid and their 
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frustums. In these cases the piece of cord, while being kept taut, 
cannot be made to lie along the surface ; it can only be made to 
touch at one point. 

METHODS OF SXJRFACE DEVELOPMENT 

There are three distinct methods in general use by means of which 
the surfaces of geometrical solids may be developed. In deciding 
which* of these three 
methods should be used, 
the class of solid to 
which the object belongs 
must be taken into 
account. The foregoing 
classification . of geo- 
metrical forms should 
be of use in deciding 
on the method to be 
applied. 

Method 1. Take a 
solid belonging to Class 
1 — the cone, for in- 
stance — and imagine a 
series of straight lines 
to be drawn on its sur- 
face from its apex to 
its base. If the surface 
of this solid could now 
be unrolled like a piece 
of paper, and laid out 
flat, it would be found 
that all the lines drawn 
on the surface radiated 






from one point, which was the apex of the cone. 

Now imagine the cone to be cut across its middle at an angle with 
the base. If now the surface could be unrolled as before, the line of 
cutting would be clearly defined on the radial lines. (See Fig. 1.) 

It should be clear from this that the surface of all solids having 
an apex could 6e developed by a system based on radial lines. This 
includes all frustums and bodies which form parts of pyramids or 
cones. 

Method 2. Take a solid belonging to Class 2 — the square prism, 
for example. If this were rolled over on its sides one after another, 
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or, in other words, if its sides were opened out flat, the result would 
be a rectangle divided into four smaller rectangles by parallel lines 
corresponding to the edges of the prism. Again, imagine the prism 
to be cut through obliquely, and that the sides were rolled out as 
before. The line of cutting could easily be traced by th^ intersection 
on the parallel lines. 

Take now a cylinder. If a series of parallel lines were drawn on its 
surface from end to end, and the cross-section of any shape taken, 
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the contour of that cross-section could be shown in the flat by means 
of the intersecting points on the parallel lines. (See Fig. 2.) 

It follows from this that the surfaces of all solids belonging to the 
class of prisms may be developed by a system based on parallel lines. 

Method 3. Take a solid belonging to Class 3 — for example, one 
with an oval base and a circular top. (See Fig. 3.) The sides of this 
solid produced do not converge to an apex, although at first sight 
it might appear that they do so, but a glance at a front elevation in 
conjunction with a side elevation will dispel any illusion on that 
point. It cannot, therefore, be developed by the method of radial 
lines. Again, parallel lines cannot, in any direction, be drawn on its 
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surface. Therefore, it is impossible to develop it by the method of 
parallel lines. 

If, now, a series of triangles were drawn on its surface, and the 
exact size of each determined successively, and laid side by side in 




the proper order, the complete pattern could thus be pieced together. 
The surfaces of all solids belonging to Class 3, transformers, admit 
of being divided up in this way. It follows, then, that they may be 
developed by this method of triangulation. 

The three methods of development arising out of this classification 
arc, therefore: (1) the Radial Line method; (2) the Parallel Line 
method ; and (3) Triangulation. Although the method of radial 
lines and of parallel lines caimot be applied to this class of solids, 
the method of triangulation may be applied to those of Class 1 and 
Class 2. It is advisable, however, to use the method best adapted 
to the form under consideration. Solids which come under Class 4 
cannot be developed accurately because the surface curves both 
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ways and the metal has to be hollowed or raised in order to acquire 
the desired shape. There are methods of obtaining approximate 
developments, however, which more or less depend upon the nature 
of the material and the work to be done. These need special 
consideration . 



FIRST COURSE 


Chapter 2 

THE RADIAL LINE METHOD 

How simple it Ls to^get into difliculti(‘8 with problems of the cone ! 
They present many pitfalls whicli can only be avoidcui by careful 
discrimination. For instance, the legs of the breeches piece shown 
at Fig. 4 {a) might be mistaken for portions of oblique cones, but an 



Fig. A. 


oblique cone would present an ellipse at DE instead of the circle 
required. 

Again, a body with an elliptical base, and which tapers obliquely 
to an apex, may not readily be identified as a right cone. Yet, when a 
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cross-section, taken at right angles to the centreline, is known to be 
a circle, as at FO, Fig. 4 (6), then the object is assuredly a right 
cone, cut obliquely. A practical example of this problem is a rose 
for a watering can, of the type shown at Fig. 4 (c). The cross-section 
at Hly at right angles to the centreline, is circular, while the shape 
at the top, JK, is an elUpse, 

It might be well at this point to make a distinction between the 
right cone and the oblique cone. 

A right cone is a body which has a circular base, and tapers uni- 
formly from the base to a point or apex which lies perpendicularly 
over the centre -point of the base. It follows from this that any 
cross-section parallel to the plane of the base, or at right angles to 
the centreline, is a cii’cle. Conversely, any cross-section other than 
at right angles to the centreline presents an ellipse. 

An oblique cone is a body which has a circular base, and tapers 
to a point or apex, but the apex does not lie perpendicularly over 
the centre -point of the base. Hence, the oblique cone leans to one 
side. It may lean but slightly, or it may lean considerably, but the 
amount of its leaning does not alter its properties as an oblique cone. 
Arising out of this, any cross-section parallel to the plane of the base 
is a circle, but any cross-section at right angles to the centre line, 
and therefore not parallel to the plane of the base, is an ellipse. 

These distinctions are important in assisting to discriminate be- 
tween conical bodies and other tapering bodies such as commonly 
occur in sheet metal work. 

The First Course of surface developments will deal with those 
problems which involve first principles — ^not necessarily the sim- 
plest, but those which naturally take first place in a combined series. 
The course will include — 

{a) Developments by the Radial Line method jof patterns 
involving problems of the right cone and its frustums, right conic 
sections or right cone cut off in any plane. 

(6) Developments by the Parallel Line method of patterns for 
tees, bends, and elbows, and intersections of pipes of equal diam- 
eters or equal oval cross-sections ; the oblique cylinder ; elemen- 
tary examples of moulding such as curbs and spouting. 

(c) Developments by the method of Triangulation, comprising 
patterns of transformers for change of section of various kinds 
between two parallel planes, such as tallboys, hoppers, and hoods, 
with either perpendicular or oblique' axes. The condition that 
the transformers lie between two parallel planes is an important 
one as this simphfies the study of the method. 
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DEVELOPMENT BY RADIAL LINES 

The sides, or the sides produced, of any object belonging to the 
class of pyramids, and the cone in particular, must converge to an 



apex. Given that condition, it is possible to dehne a series of lines 
radiating from the apex down the sides of the pyramid to the base. 
It is further possible to unfold the surface so that it lies in a flat 
plane with the lines all radiating from one point which was the apex. 
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THE RIGHT CONIC FRUSTUM 

The right cone is perhaps the most common body, belonging to 
Class 1, which finds application in sheet metal work. 

To obtain the pattern for the frustum of a right cone, first draw 
the elevation, as at AOL, Fig. 5, and mark off MN at the height 
of the frustum. With centre O and radius OA, describe the arc 
A' A" any length. To obtain the length of the perimeter, describe 

one quarter of the base of 
the cone and divide it into 
three equal parts, as at 
A BCD. Take one of these 
divisions, as AB, in the com- 
passes, and mark off three 
similar distances along the 
arc A'B'C'D'. Four times 
the distance ,A'D' will then 
give the whole perimeter 
round the arc, as from A' to 
A". Join OA". To complete 
the pattern for the frustum, 
draw in the, arc N'P. 

The milk can and the funnel 
in the top and bottom corners 
are intended to provide 
further exercises on this 
problem. 

TRUE LENGTHS 

With reference to Fig. 5, 
it will be seen that the radii 
of the arcs N'P and A' A" in 
the pattern are obtained from 
the slant of the cone, i.e. ON and OA. .Distances down the slant 
of a cone always give true lengths from the apex. Any other lines 
shown on a cone which do not appear on the outside slant are 
not true lengths. 

For instance, the line OC on the cone shown in Fig. 6 does not 
represent its true length, but is fore-shortened both in the plan and 
in the elevation. The true length, however, may easily be obtained 
by rotating the cone on the centre-point of its base until the point 
C falls on the slant, as at the position of A, The line OC then coin- 
cides with the slant of the cone and its true length is equal to OA. * 
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Furthermore, the true length of any portion of OC may be obtained 
from its new position on OA . 

Take any point M on OC, The distance OM does not represent its 
true length, but by rotating the cone on its axis the point M may be 
made to coincide with the point M\ when its true length will be seen 
to be equal to OM'. To obtain its true position on the pattern, locate 
the position of point C on the perimeter, as at C", and join to the 
apex 0. Swing round an arc from M' until it cuts OC' in M". M" is 
the position of point M in the pattern. 

This principle , forms the basis of solution to all the problems of 
the right cone, and should be clearly grasped at the outset. 

THE RIGHT CONE CUT OBLIQUELY 

Set out the elevation of the cone AOG, Fig. 7, and on its base 
draw the semicircle ADG. The semicircle thus represents half the 
perimeter of the base. Divide the semicircle into six equal parts, 
as at AyByC,D,E,F,G, and from the points thus obtained draw 
perpendiculars to the base of the cone, as Bby Cc, Dd, Ecy Ff. From 
the points 6,c,d,e,/, on the base of the cone, draw lines to the apex 0, 
Draw MN a>t the position and angle required for the cut-ojBF. 

The lines on the cone intersect the plane of the cut-off at iff, 1,2, 
3y4:,5yN ; then, to obtain the true distances of these points from the 
apex, project them horizontally on to the slant of the cone, and 
from the points thus obtained on the slant, swing arcs round into the 
pattern. Next, with radius OAy draw in the arc A' A" for the base 
of the cone and mark off twelve divisions equal to one of those on 
the perimeter, at as A'yB'yC'yD', and so on. Connect these points 
to the apex 0. 

A curve now drawn through the diagonally opposite points of 
intersection will complete the pattern for the frustum. 

The diagrams in 'the corners should provide additional examples 
for practice on this problem. 

THE RIGHT CONE CUT BY A CURVED OR ANGULAR 
SURFACE 

Set out the elevation of the cone AOG y Fig. 8. From the point d 
on* the centre of the base line describe the arc representing a 
curved surface, so that it touches the sides of the cone, and would 
not cut through them if the arc were produced. The lines dS and 
dTy drawn perpendicular to the respective sides of the cone, will 
determine the positions of the points S and 2\ Draw MN at the 
position and angle required for the cut-off. 
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On the base of the cone 6? describe the semicircle ADG and divide 
it into six equal parts, as at A,B,C,D^ . . . O, From the points 
thu^ obtained draw perpendiculars to the base of the cone, and from 
the points on the base of the cone draw lines to the apex 0. 

The lines on the cone intersect the curved surface at ^\6,7,8,9,10,T, 
and the inclined cut-off at ilf,l,2,3,4,5,iV^. To obtain the true dis- 
tances of these points from the apex, project them horizontally, or 
parallel to the base AG, on to the slant of the cone, and from the 
points thus obtained on the slant, swing arcs round into the pattern. 
Next, with radius OA, draw in the arc A 'A" for the base of the cone 
and mark off twelve divisions equal to one of those on the semi- 
circle, as A\B',C\D', equal to AB, or BC, or CD, and so on. 
Connect the points in the pattern to the apex 0. 

The pattern may now be drawn in. 

From the point M' in the pattern, draw in the curve through the 
diagonally opposite points Jf',l,2,3,4,5,iV'. Repeat the curve to 
M", From the point S' in the pattern, draw in the curve through 
the diagonally opposite points ^^',6,7, 9, 8, 10, T'. Repeat the curve 
to point S", 

The dimensioned sketches accompanying Fig. 8 provide additional 
exercises on this problem. 

CONICAL JUG TOPS 

The developments shown in Fig. 9 are further examples of conic 
frustums. The jug tops may be developed as right cones cut by a 
curved, angular, or oblique surface. 

The important exercise in connection with this diagram is that of 
displacing the apex of the cone, as from A to B. Had the lines for 
the pattern been swung round from the apex A in the ordinary way, 
the pattern would have encroached badly on the elevation of the jug. 
In order to swing the pattern clear of the elevation, the line CA and 
all the points on it should be revolved on the point C to some position 
CB, such that the complete base curve CDE in the pattern falls 
clear of the elevation. 

This principle may be applied in many cases where the pattern 
would otherwise encroach on the elevation, and is better than the 
practice of completely detaching the pattern. 

FANCY CANISTER LIDS 

The type of canister lid shown in Fig. 10 is a typical example of 
problems involving the frustum of a pyramid. In the case of a right 
pyramid, that is a pyramid the axis of which from the centre-point 
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of th('. base to the apex is at right angles to the plane of thc^ base, it 
should be possible in the plan to draw a circle through all the corner 
points round the base, as at The centre of the circle 

then becomes the position of the apex, and lines radiating from the 
centre to points around the base represent the comers of the pyra- 
mid. For the pattern, the diameter of the circle EB should be taken 



as the base of the pyramid in the elevation, and the slant of the 
pyramid as the radius of the base curve in the pattern. 

It will be seen that if the base curve in the pattern were swung 
out direct from the apex A, the pattern would encroach on the eleva- 
tion. To avoid this, transfer the line ANB vertically upwards to 
* A'iJ'B', and swing round the l)ase curve B'C'D'E'F'G'B", and also 
the inner curve for the top N'M'N". From the plan take the dis- 
tances BC, CD, DE, EF, FG, GB, and mark these off round the base 
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curve in tlie patt(‘rn as at . . . G'B". Linen now drawn 

from these points to the point of the apex A' n^present the corner 



lines in the pattern. Join 
the (corresponding points 
round the curve for the 
top, as from N' to M' to 
N". If required, the pat- 
tern for the top of the 
knob may be obtained 
from the same pattern, as 
shown in the centre. 



THE PYRAMID CUT 
OBLIQUELY 

The body of the iron 
wheelbarrow shown in 
Fig. 11 is often con- 
structed as the frustum 



of a pyra- 
mid, and 
may then 
be devel- 
oped by the 
radial line 
method. 

The eleva- 
tion of the 
CO m p 1 e t e 
pyramid is 
obtained by 
producing — 
the sides \ 
downwards 
until they \ 
meet, as at 
A, and up- 
wards on 
the side AC 
until the 
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base BC is at right angles to, and bisected by, the central 
axis. 

To develop the pattern, set out the elevation as shown at CDEF, 
Fig. 12, and produce the sides to CA and AB. On the base CB draw 
one half of the plan of the full base, as at COHB. The centre-point 
A' then represents the apex in the plan. It will be observed that 
the half-plan and the elevation are drawn the reverse way up to that 
which is usual, but this should present no difficulty in the solution 
of the problem if that fact is borne in mind. 

From the apex A' draw A'G and A'H. From D draw DI ; from 
E draw EJ ; from F draw FK, all vertically upwards. Join OK and 
IJ. Then COKf is the half-plan of the actual top of the body, and 
dlJe the half-plan of the bottom of the body. From the apex A' 
describe the semicircle LGHM. Join AL and AM, each of which 
represents the true length projection of the corner lines A'G and 
A'H. Project the points D,E,F horizontally to the true length 
line AM, and from A swing them round into the pattern, together 
with point M. 

Take the distance gG, which should be twice the length of CG, 
and mark off g'O' on the outer, or base, curve in the pattern. Next 
take OH and mark off G'H' in the pattern. Next mark off H'H" in 
the pattern equal to g'G\ Also mark off H"G" equal to 0'H\ Join 
the points thus obtained to the apex A. It now remains to draw 
in the pattern, which should be evident from the illustration. 

THE OVAL 

The construction of the oval is a problem which often gives trouble 
on the score of inaccuracy. The point of doubt arises where the side 
and end arcs meet, or should meet, and one or two methods, popular 
with sheet metal workers, need careful observation in’this respect. 
In one case the arcs fail to meet by a distance of one seventy-fifth 
of the difference between the major and minor axes, which, for 
ovals of good length compared to the width, is an error of some 
importance. The method shown in Fig. 13 will be found satisfactory 
for most purposes, and is easily proved to be true. The arcs will 
meet at Q if the oval is carefully drawn. 

The oval differs from the true ellipse in the fact that the oval is 
an approximate ellipse drawn with the compasses, and is therefore 
a construction made up of arcs of circles. On the other hand, no 
part of a true ellipse is a part of a circle, and cannot, therefore, be 
drawn with the compasses. The true* ellipse will be dealt with later. 

Construction 1. Draw AB and CD, the major and minor axes, 
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perpendicular to each other, intersecting at 0, the centre. {8ee Fig. 
13.) On one half of the major axis describe an equilateral triangle 


OEA . On OE mark 
off OP equal to OC. 
From (7, through P, 
draw CQ. From Q 
draw QR parallel to 
OP, Then R is the 
centre for the arc 
CQy and r is the 
centre for the arc 
QA. For the cor- 
responding opposite 
arcs, make OR' 
equal to OR, and 
Br' equal to Ar. 

Proof. Beca\ise 
OP is equal to OC, 
the triangle OPC is 
isosceles, and be- 
cause QR is drawn 
parallel to OP, the 
triangle RQC is also 
isosceles. Therefore 
RQ is equal to RC. 
Again, because QR 
is drawn parallel to 
OE, the smaller 



triangle ArQ ^ 

similar to the larger / 


triangle AOE, and 
is therefore equi- 
lateral. Therefore 
is equal to rA. It 
will be clear from 
this that the two 
arcs AQ and CQ 
should meet at Q. ^ ^ ' 

When the major axis is considerably longer than the minor axiS; 
nearly 4 to 1, the above method, like many others, fails to give 
satisfaction, but for general purposes this method will be found 
very useful, and will be used throughout this work where necessary 
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Construction 2. For ovals of all proportions, long or broad, the 
following method should prove useful. Set out AB and CD, the 
major and minor axes, intersecting at 0, the centre, as in Fig. 14. 



Join CB, Witli centre O and radius DC, describe the arc CD, cutting 
CB in F. With centre F and radius FE, describe the arc EG, Draw 
GH parallel to OB. Take GH in the compasses and from B mark off 
Br equal to CH. Joint Hr, Bisect Hr and produce the bisecting 
line to meet CD produced in E, Then R is the centre for the side arc, 
and r is the centre for the end arc. Make OR' equal to OR for the 
opposite side arc, and Or' equal to Or for the opposite end arc. 




THE KADIAL LliME METHOD 


21 


Proof. In this construction, because the line bisecting Hr meets 
CD produced at R, then the triangle RHr is isosceles, and RH is 
equal to Rr. In drawing the arc CKy the part Kr is cut off equal to 
CH. But Br is also cut off equal to CH. Therefore Br is equal to Kr. 
It will be clear from this that the two arcs CK and BK should meet 
at K. 

This method is not so simple as No. 1, but it is an advantage where 
the oval is long and narrow, as shown at Fig. 15. 

COMPLEX CONICAL PANS 

The following problems are typical examples of bodies composed 
of portions of right cones. The pan shown in the centre at Fig. 16 



is made up of two half- conic frustums with two straight Hat pieces 
between them, forming the sides. The two half- cones are shown at 
.-1,1,4 and B,8,5 in the elevation, and at 4,1,4'' and 5,8,5'' in the 
plan, with the apex A on the one side and the apex B on the other. 

For the pattern, divide half the plan, as shown, by spacing thr^e 
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equal divisions on the quarter- circle, as at 1,2, 3, 4, and similar 
divisions on the opposite quarter- circle, as at 5, 6, 7, 8. For the 
radius of the pattern, take in the compasses the slant length A I 
from the elevation, and describe an arc from the centre A' in the 
pattern. Space off l',2',3',4' equal to the spaces 1, 2,3,4 in the 



plan. Join AA'. From 4' draw 4'5' at right angles to the radius 
A A' and make 4'5' equal to 4,5 in the plan. Draw J5'5' parallel and 
equal to AA'. The distance between A' and B' should therefore 
be equal to the distance between 4' and 5'. B' now becomes the 
centre for the arc 5',6',7',8', which should be spaced equal to 
5,6, 7, 8 in the plan. Join B'8\ For the inner line, take AM in the 
compasses from the elevation, and with centre A\ describe the arc 
M'N' in the pattern. Draw N'P' parallel to 4'5'. With radius B'P\ 
(fraw the arc P'Q\ This completes the half-pattern. For the full 
pattern, repeat the process on the other side of the line A'V. 
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OVAL CONICAL PAN 

The equal tapered oval pan shown at (a), Fig. 17, is geometrically 
formed by the combination of portions of two right cones of different 
dimensions. Portions of two such cones arc shown at (b), while the 
figure at (c) represents the method of combining portions to form 
the full pan. 

To develop the pattern, set out the plan and elevation as shown 
at Fig. 18, using the method of drawing the oval as shown at Fig. 13. 
It will be observed that the point B in this case falls inside the oval. 
The circle A4BC in the plan (see Fig. 18) represents the base of the 
major cone, and B is its centre, or apex. The portion of this cone 
used in the pattern is represented by the section 2-6^B. The base 
of the minor cone is represented by the circle 8,X,2,Z, and its centre, 
or apex, occurs at r. In the elevation the major cone is shown at 
BjA,B, and the minor cone at r,X,Z. In the plan, divide the arcs 
X~2 and 6-F into equal parts, as at X,1 ; 1,2; and 6,7; 7,F. 
Divide also the arc 2-6 into equal parts, as at 2,3 ; 3,4 ; 4,5 ; 5,6. 

Take in the compasses the slant length rX from the elevation of 
the minor cone, and describe an arc X'-2' in the pattern. Mark off 
X',1',2' in the pattern equal to X,l,2 in the plan. Join 2',r', and 
produce to B\ Cut off 2\B', equal to the slant length B^A^ in the 
elevation. Then B' becomes the centre for the major cone pattern. 
With B' as centre, describe the arc 2'-6' and space off 2',3',4',5',6' 
equal to the corresponding divisions in the plan. Join 6',J?'. 
Cut off 6',r", equal to 2',r', on the opposite side. Then becomes 
the centre for the remaining portion of the minor cone. With centre 
r'\ describe the arc 6'- 7', and space off 6', 7, F', equal to 6,7 and 7, F, 
in the plan. Join For the inner line, take r,M in the com- 

passes from the elevation, and with centre r', describe the arc 
in the pattern. With centre B', describe the arc N'P\ and with 
centre r", describe the arc P'Q'. 

This completes the half-pattern. For the full pattern repeat the 
process on the other side of the centreline X't\ 



Chapter 3 

THE PARALLEL LINE METHOD 

The Parallel Line method of development, as described in the 
chapter on Classification of Geometrical Forms, is based on a system 
of lines drawn parallel to one another on the surface of a solid. For 
this condition to hold good, the solid must belong to the class of 

prisms which preserves a 
constant cross-section, 
equal in shape and size, 
throughout the length. 
Pipe work and duct 
systems usually furnish 
J | | an abimdance of geome- 

l||||ll trical problems involving 

the parallel line method 
of development, as also 
do many forms of chutes, 
spouts, and ornamental 
mouldings. In some re- 
spects the principles of 
the Parallel Line method 
are the easiest to grasp 
in the early stages, but 
many examples in the 
more advanced grade 
present intricate problems 
of intersections before 
the patterns can be de- 
veloped. Perhaps the 
simplest example illus- 
trating this method is afforded by a square or rectangular pipe, in 
which case the corners represent the parallel lines on the surface. 

ELBOWS 

An elbow in pipe work is a single angular diversion from a straight 
line. Fig. 19 (a) shows a rectangular pipe elbow and (6) a correspond- 
ing cylindrical pipe elbow. The position of the joint line, shown at 
A'B\ Fig. 19 (d), bisects the angle of the elbow. This ^11 be seen 
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from the illustration at (c). The figure represents a short piece of 
straight cylindrical pipe, cut through diagonally at AB, This makes 
the angle at (a) equal to the angle at (6). If, now, the top piece is 
reversed so that the point A falls on the point J5, then an elbow, as 
shown at {d), is obtained, in which the joint line A'B' bisects the 
angle MA'N. 

A plain elbow cannot be formed between pipes of unequal diam- 
eters, because the ellipses formed by the angular cut-off on hach pipe 


will not fit. Fig. 20 (a) 
shows two such pipes 
cut off at equal angles 
L ,L , The pipes, 
clearly, do not match 
up to form an elbow. 

The illustration at (b) 
is not quite so obvious, 
and represents a pitfall 
which many fall into 
in the early stages. In 
this case the angles at 
M and are not equal. 

The joint line AB, 
therefore, does not 
bisect the angle of the 
elbow. Furthermore, 
although the line AB 
represents the major 
axis of both the ellipses 
formed by the two 
pipes, the ellipses are 
not equal, since the 
minor axes correspond to the different diameters of the pipes. The 
figure at {d) shows the projected ellipses as would occur at AB. 

An elbow may be formed with two pipes of unequal diameters by 
inserting a conical connecting piece between them, as shown at 
Fig. 20 (c). This problem will be dealt with later. 



THE SQUARE PIPE ELBOW 

To develop the pattern for the square pipe elbow shown at Fig. 21, 
imagine the pipe to be unfolded or unrolled at right angles to its 
central axis. Draw the base line S'S" and mark off 8'1'2'3'^'S'' equal 
to the corresponding distances round the perimeter, or girth line, 
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in the plan. From the points thus marked on the base line erect 
perpendiculars parallel to each other. From the points A and B 
in the elevation draw lines parallel to the base line in the pattern, 



intersecting the perpendiculars in S' B' A' A" B" S" . The outline of 
the pattern should now be evident from the illustration given. The 
same contour S' B' A' A" B" 8" should serve for the other side of the 
elbow. 

THE CYLINDRICAL PIPE ELBOW 

The principle of setting out the pattern for a cylindrical pipe elbow 
is much the same as for the square pipe elbow. The chief difference 



is that, as there are no natural corners, the circular girth line, shown 
in the plan, is divided up into any convenient number of parts — 
twelve here shown — and numbered accordingly, as in Pig. 22, 
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Set off the base line in the pattern, and mark off the divisions 
1'2'3' . . . 12'1", equal to those round the girth line. From these 
points on the base line erect perpendiculars parallel to each other. 
Next, from the points around the girth line in the plan, draw lines 
vertically upwards to cut the joint line A Bin the elevation, and from 
these points of intersection on AB, draw lines horizontally into the 
pattern to meet the perpendiculars from the base line. A curve 
drawn through these points in the pattern should give the contour 
of the joint line, and the full pattern may be completed. 

THE DOUBLE RETURN ELBOW 

The pattern for the middle section of the double elbow shown at 
Fig. 23 is really equivalent to two single elbow patterns back to back. 



First, draw the semicircle on the end of one section, as shown, which 
represents half the circumference, or girth of the pipe. Divide the 
semicircle into six equal parts and number the points from 1 to 7. 
From these points project lines perpendicularly back to the end of 
the pipe, and on to the joint hne AB, From the points where these 
lines intersect the joint line AB, draw lines parallel to the centreline 
CL of the middle section, across to the opposite joint line. 

Now take a girth line OT at right angles to the centreline CL of 
the middle section, and extend it to any length into the pattern. 
On this extended girth line mark off the divisions 1'2'3'4'5'6'7' ... 1" 
equal to twice those round the semicircle on the end of the pipe. 
The full distance from 1' to I'" should therefore be equal to the full 
circumference of the pipe. Through these points draw lines parallel 
to each other at right angles to the girth line. 

Next, from the points on both joint lines of the middle section, 
draw lines parallel to the extended girth line to meet those at right 
angles to it. Curves drawn through those points of meeting or 
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crossing should give the joint curves of tlie pattern. The pattern 
may now be completed by drawing in the short straight lines at the 
ends. 

THE DOUBLE OFF-SET ELBOW 

After the previous problem it should not be difficult to develop 
the pattern for the middle section of the off-set elbow, as shown at 
Fig. 24, without a full description. 

One particular point should be nottnl, however, and that is that 



the girth line OT and its extension into the pattern is again at right 
angles to the centreline CL of the middle section. 

TEE JOINTS AND BRANCHES 

A tee joint may be regarded as a combination of two elbows. 
Pig. 25 (a) shows an acute elbow, and (6) an obtuse elbow, in which 
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the combined angles form 180 degrees. The figure at (c) shows the 
two elbows combined, forming an oblique tee joint, This illustration, 
in conjunction with Fig. 19 (c), may serve to explain why the joint 
lines in tees between pipes of equal diameters are always represented 
by straight lines in the elevation. All cases of tees between pipes of 
unequal diameters present curved joint lines. 

THE RIGHT-ANGLED TEE 

To develop the pattern for the branch pipe forming a right-angled 
tee joint, as shown at Fig. 26, first draw the semicircle on the end of 



the branch pipe, which represents half the circumference, or girth 
of the pipe. Divide the semicircle into six equal parts and number 
the points 1 to 7. From these points project lines perpendicularly 
up to the end of the pipe, and on to the joint line ABG. Next, set 
off the base line in the pattern, and mark off the divisions 1'2'3'4'5'6' 
7' ... 1^, equal to those round the semicircle. From these points 
on the base line, erect perpendiculars parallel to each other. Now, 
from the points on the joint tine ABC, draw lines horizontally into 
the pattern to meet the perpendiculars from the base line. Curves 
drawn through these points in the pattern, as shown in the diagram 
through A^B^CB^A", should give the true form of the joint line. 
The full outline of the pattern may now be completed. 

The shape of the hole in the cross pipe may be developed by 
projecting the points on the joint line ABG, in the elevation, upwards 
at right angles to the centreline TL. On the middle line, mark off 
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distances equal to those on the semicircle, as at T, 2', 3', 4', 5', 6', 7'. 
Through these points draw lines at right angles to those projected 
upwards, and draw in the curves through the points of meeting, as 
shown in the diagram. 

Incidentally, if the curve B'C'B" in the pattern be repeated on 
the opposite side of the line B'B'\ a similar contour of the hole will 
be obtained. 

THE OBLIQUE TEE 

The examples shown at Fig. 27 represent typical problems of the 
stove pipe and smoke cowl. The method of developing the pattern 
for the oblique joint at the bottom is very much the same as for the 
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right-angled tee given in the previous exercise, and should be readily 
followed by reference to the diagram. 

The smoke cowl above represents a combination of tee joints, 
and, whilst the principles of development remain the same, the 
example provides additional exercises which are well worth following 
up. In the illustration only half-patterns are shown for the middle 
section and end pieces. One point of importance should be observed, 
and that is that the semicircle representing the girth line is drawn 
at right angles to the central axis of the left end piece. Furthermore, 
the base line for the pattern is also projected in line with the diameter 
of the semicircle, at right angles to the central axis of the end piece. 

THE BIGHT AND OBLIQUE CYLINDEBS 

The ordinary process of rounding up or rolling a pipe makes it 
circular in cross-section, but there are times when a pipe must be 
oval and not circular, as, for example, when a connecting piece is 
required between two circular holes which are in parallel planes, 
but not in perpendicular line with each other. Sometimes these 
cases prove troublesome, not because of any special degree of intri- 
cacy, but generally through failure to appreciate the simple geo- 
metrical difference between the right cylinder and the oblique 
cylinder. The one can so easily be mistaken for the other unless 
careful observation is exercised in noting the particulars given. For 
instance, the branches forming the ‘‘ Y” piece shown in Fig. 31 might 
be taken for ordinary roimd or cylindrical pipes, but actually the 
pipes are oval in cross-section. 

A very simple method of demonstrating the geometrical difference 
between these two cylinders is to take a number of pennies and place 
them one above another in an upright pile. If the pile stands verti- 
cally on a horizontal surface, as shown in Fig. 28 (a), then a right 
cylinder is represented. Suppose now that some small block be placed 
under the base at one side of the pile, causing the whole to lean over 
as shown in (b ) : this does not alter the geometrical properties of 
the pile itself. It is merely inclined at an angle to the vertical. Each 
penny is still at right angles to the central axis, and the pile still 
represents a right cylinder. 

Let the small block now be removed so that the pile may return 
to its original position. If, now, each penny be pushed slightly 
forward, sliding on the one below, so that the pile as a whole, but not 
each penny, leans forward forming an angle with the vertical, as 
shown in Pig. 28 (c), then an oblique cylinder is represented. In this 
case it will be observed that the pennies do not lie at right angles 
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to the central axis of the pile, as they do in the right cylinder. The 
figure at (d) shows the oblique pile tilted into the vertical position, 
but the geometrical conditions remain the same. 




Definitions. A Right Cylinder has its central axis at right angles, 
or perpendicular, to the plane of its circular base. 

An Oblique Cylinder has its central axis inclined at an acute angle 
to the plane of its circular base. 

These conditions, it may be noted, are similar to those governing 
the Right and Oblique cones, with the difference that the cones taper 
from the base to an apex, whereas the cylinders preserve equal 
cross-sections throughout their lengths. It is important to grasp 
fully the geometrical difference between these two cylinders as on 
this dex)ends the success of many solutions involving the cylinder. 
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THE RIGHT CYLINDER CUT OBLIQUELY 

The two problems shown in Figs. 29 and 30 illustrate the dilferenoe 
in the patterns for a right cylinder and an oblique cylinder, as repre- 
sented by similar elevations. The illustration at Fig. 29 is a right 



cylinder cut obliquely at each end. It is therefore circular in cross- 
section, as shown by the circle on the centreline, but the shape at 
both ends is elliptical, as shown by the projection at the top. The 
development of the pattern is obtained in a similar manner to that 
of the middle section of the double off-set elbow. Fig. 24. The 
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circumference of the pipe is therefore spaced along the line 
at right angles to the centreline CL of the cylinder. 

A point of special interest may here be noted, particularly in view 
of the problem to follow. The spacings a,b,c,d,p,J,g around the ellipse 



'are similar and equal to those at a' ,b' ,c' ,d\e\f\g' around the curve 
in the pattern. 

THE OBLIQUE CYLINDER 

In the diagram Fig. 30 the shape of the cross-section is elliptical, 
as shown by the ellipse on the centreline. But in this case the ends 
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are circular, as shown by the circle projected above at the top. This 
(condition establishes the fact that the cylinder is truly oblique, and 
not, as in the previous example, a right cylinder cut off obliquely. 
In developing the pattern, one of two alternatives may be adopted, 
to obtain the girth of the cylinder. Either the unequal spacings 
a,6,c,d,e,/,gr around the ellipse may be marked off along the line 
a'a", or the equah divisions 1,2, 3,4,5, 6,7 around the circle may be 
marked off, stepping from one line to the next, to form the curve 
l',2',3',4',5',6',7' in the pattern. Generally the latter is the more 
convenient, as the compasses may be set to one division only, and 
the whole distance spaced off right away. 

THE OBLIQUE CYLINDRICAL “ Y ” PIECE 

The two “ Y” pieces shown in Figs. 31 and 32 are alternative con- 
structions involving the principles of the oblique and right cylinders. 

To develop the pattern for the oblique construction shown in 
Fig. 31, describe a semicircle on the end of one branch of the “Y"’ 



piece, and divide into six equal parts, as shown at 1,2, 3, 4, 5, 6, 7. 
From these points drop p:»rp3ndiculars to the end of the branch, 
and from these draw lines parallel to the central axis CL to cut the 
joint lines at the other end, as at 8,9,10,0,11,12,13. From the points 
on the joint lines at both ends, project lines at right angles to the 
central axis into the pattern. To space out the girth of the pipe, 
take in the compasses one of the equal divisions from the semicircle, 
as from 1 to 2, or 2 to 3, and, beginning at any convenient spot on 
the line projected from point 1, space off l',2',3',4',5',6',7' . . . l'^, 
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by stepping the distances from one line to the next. A curve drawn 
through these points wdll give the outline of the top end. Next, 
from the points on this curve, draw lines at right angles to those on 
which the points are spaced, to cut the lines projected from the 
other end of the pipe, as at . . . 8". Curves 

drawn through these points, as shown in the diagram, will give the 
outline of the bottom joint line. To complete the pattern draw in 
the two end lines l',8' and V\S". 

THE RIGHT CYLINDRICAL “ Y ” PIECE 

In the right cylindrical construction of the “Y” piece, as shown 
in Fig. 32, the joint lines bisect the angles of the central axis, as in 



the ca§e of ordinary elbows. This ensures the cross-sections being 
equal and circular. In developing the pattern, the cKief difference 
between this problem and the previous one lies in the method 
of spacing off the girth line. It will be observed that in the oblique 
cylindrical “Y’’ piece the girth is obtained indirectly by the alter- 
native method of spacing the distance round the curve. But in 
the example shown in Fig. 32, the semicircle from 1 to 7 represents 
the girth or circumference of the pipe, and the spacing in the pattern 
is made direct along the base line. 

For the remainder, the procedure is similar to that of the previous 
example. 

THE SUBCONTRARY SECTION 

An important property of the prism, and therefore of the cylinder, 
is that the shape of any section across its central axis has its 
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counterpart at an equal angle on the opposite side of a perpendicular 
through the central axis. This will be seen by reference to the dia- 
grams (a), (6), (c), Fig. 33, which represent oblique cylinders leaning 
at different angles. The bases, therefore, are circular, and any cross- 
section parallel to the bases AB will also be circular. 

But another circular cross-section occurs at any plane which 
crosses the central axis at an equal, but opposite, angle to AB. Thus 
at (a). Fig. 33, if the plane of the base AB be revolved about any 
point 0 in AB produced, until the point A falls on the point D, then 
the angle N will be equal to the angle M, and CD equal to AB. 



But CD represents the position of such a plane as will produce a 
similar cross-section to that of AB* The shape is therefore circular. 
This alternative position may be termed the Sub contrary section, 
since it is similar, but opposite, to the base section. 

This principle is a very important one, and is a deciding factor 
in the method of solution applied to many parallel line problems. 
The middle diagram (6) is perhaps the most important, as its central 
axis leans at 45 degrees, which brings the base and its subcontrary 
section into an angle of 90 degrees. 

AN OBLIQUE CONNECTING PIPE 

Fig. 34 represents a connecting pipe between two circular holes 
in planes at 90 degrees to each other. The holes are so placed as to 
make the connecting pipe lean at 45 degrees, thus forming equal 
angles with the holes at each end. 

By these conditions the connecting pipe is an oblique cylinder. 
To develop the pattern, project a centreline at right angles to the 
central axis, CL, through its centre-point 0. Draw the semicircle 
on the base line AB, to represent half the plan of the base end. 
Divide the semicircle into six equal parts, as at 1,2, 3, 4, 6, and 
from these points project lines perpendicularly back to the base 
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line. From the points obtained on the base line AB^ draw lines into 
the pattern at right angles to the central axis CL, From any point 
B' on the line projected from B, mark off . . . 

B^\ equal to the corresponding distances round the semicircle. The 
spacings should be stepped over from one line to the next, until the 
outside point A' is reached, and then repeated inwards to point B", 



A line drawn through these points will give the form of the base curve 
in the pattern. From these points on the base curve, draw lines 
parallel to the central axis CL, or at right angles to the centreline 
ST of the pattern, and on each mark off an equal distance on the 
other side of the centreline ST, A line drawn through this new set 
of points will give the opposite end curve. The two end lines B'O' 
and B"G" complete the pattern. 

THE LOBSTER-BACK BEND 

There is probably no pattern in sheet metal work so much, used 
as that of the lobster-back bend. It is generally regarded as one of 
the simplest to set out, which, in some respects is true, but the 
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method of development is by no means free from the confusion on 
the difference between the right and oblique cylinders. There are 
two methods in general use of setting out the elevation of a six- 
segment bend. In one method the segments are portions of oblique 



cylinders; in the other they are portions of right cylinders; yet 
the corresponding methods of development are often applied indis- 
criminately, sometimes, naturally, with disappointing results. 

Referring to Fig. 35 (c), it will be seen that the bend is composed 
of six full segments between the arms of the right angle AOD, The 
segments are, therefore, parts of oblique cylinders. This conclusion 
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may be arrived at by an inspection of the diagrams at (a) and (6), 
Fig. 35. At {a) it will be seen that there is only one connecting piece 
between the circular pipes AB and CD terminating on the arms of 
the right angle ADD, This connecting piece is unquestionably an 
oblique cylinder, similar to that of Fig. 34. The diagram at (6) shows 



the two pipes AB and CD connected by a series of three such pieces. 
In this case each segment is similar to the cylinder A BCD, shown 
at (c), Fig. 33, which again is oblique. Similar reasoning will show 
that each piece of the six-segment bend at (c), Fig. 35, is also an 
oblique cylinder. The method of developing the pattern for one 
segment is, therefore, exactly the same as that shown at Fig. 34, 
and the development at (c), Fig. 35, should be easily followed from 
this without further explanation. 
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Referring now to Fig. 36 (c), it will be seen that the bend is com- 
posed of five full segments, and half a s^igment at each end, making 
six in all. The segments of this bend are portions of right cylinders, 
as may be gathered from an inspection of the diagrams at {a) and (6), 
Fig. 36. At {a) only one connecting piece is shown between th6 two 
pipes AB and Cl), but these two pipes are extended to form right 
cylindrical elbows at each joint, similar to the example shown at 
Fig. 22. Between the arms of the right angle AOD there are, there- 
fore, in addition to the middle connecting piece, two half- segments, 
one at each end. The diagram at {b) shows the bend composed of 
two full segments and a half at each end. The bend shown at (c) 
contains five full segments and two halves. 

In this type of construction the half-segment at each end usually 
forms an extension of the main pipe itself, thereby saving a joint. 
Moreover, the girth or circumference of each segment is circular and 
equal to that of the main pipe. The method of development in this 
ease should be similar to that shown at Fig. 23, wherein the girth of 
t he pipe is spaced along the centreline of the pattern, as, in this case, 
at C",l',2',3',4',5',/)', . . . C", The width of the pattern at each 
point should be .equal to the corresponding length of the straight 
line across the segment, as aa\bb\cc' ,dd' ,ee' Jf\gg' . 

This method of development is often applied to the type of lobster- 
back bend shown at Fig. 35, but, whilst the actual difference in the 
patterns for six-segment bends is hardly noticeable, it will be found 
that, for bends of only three segments, the diff'erence in the patterns 
will be a soiuce of considerable trouble at the end joints, because 
the length of the curve on the pattern will be much longer than the 
circumference of the pipe to which it must be joined. 

THE ELBOW GUSSET PIECE 

There are many forms of elbow gusset pieces which serve the useful 
purpose of strengthening the joint between two pipes. In these 
problems, too, it is important to distinguish between constructions 
involving the principles of the right cylinder and those based on the 
oblique cylinder. At (a), Fig. 37, the gusset piece is a portion of a 
right cylinder, with two flat triangular pieces at each side. It is a 
portion of a right cylinder because the joints at CA and LB bisect 
the angles between the centrelines ; thus angle 31 is equal to angle N* 

To develop the pattern, from the point 0 project a centreline at 
right angles to the central axis CL, From the point R, where the 
centreline crosses the central axis, describe the quadrant 1-4, and 
divide it into three equal parts, as at 1,2,3, 4. Through these points 
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draw lines parallel to the central axis CL to cut the joint lines CA 
and LB at each end. From the points on the joint hnes at both ends 
project lines into the pattern at right angles to the central axis CL. 



On the centreline projected through OR into the pattern, mark off 
the distances r,2',3',4',3",2",l", equal to the divisions 1,2, 3, 4, round 
the quadrant. Through the points on the centreline O'O", draw 
lines parallel to the central axis CL, or at right angles to the centre- 
line, to cut the lines projected from the joints CA and LB. Draw 
curves through the points of intersection, as from U to L'', and from 
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C" to To complete the pattern, by adding the triangles at each end 
take the distance RO in the compasses, and from the points 1' and I" 
in the pattern, mark off the distances VO' and l"0". Join L'O' 
and C'O', also L"0" and C"0". 

The diagram at (c), Fig. 37, represents a gusset piece in which the 
portion CLBA is a part of an oblique cylinder. It is similar to the 
portion GLOB of the oblique cylinder shown at Fig. 34, and should 
be develop ad in a similar manner. The two flat triangles CLO should 
then be added, as in the previous example. The diagram at (6), Fig. 
37, represents a gusset piece which cannot be developed by the 
parallel line method, and any error in that connection should be 
carefully guarded against. The central axis CL is not parallel to the 
line AB, and the problem does not conform to the usual method of 
solution. It may, however, be dealt with by triangulation, but it 
would be much better to alter the details of construction to bring 
it into line with the problem shown at (a). 

AN OPEN CHUTE 

The illustration of the chute in Fig. 38 is another common example 
of the application of the oblique cylinder in practice. It represents 
a delivery chute, or spout, from the outlet of a mixer. The bottom 
part of it, below the central axis CL, is half an oblique cylinder, 
because the semicircular end at is inclined at an acute angle to 
the central axis. The front elevation on the right is a view looking 
into the spout in the direction of the arrow. 

The pattern is most conveniently developed from the side eleva- 
tion on the left, by placing half of the contour of the top edge from 
the front elevation, as from 1 to 5, against the corresponding edge 
TLb in the side elevation. Thus the quadrant I/, 2,5 is equal to the 
quadrant 0,2,5, and the vertical lines 1,2 in both views are equal. 
Divide the quadrant iy,2,5 into three equal parts and number the 
points 2, 3, 4, 5. From these points project lines perpendicularly back 
to the edge i5, and from the points on L5 draw lines parallel to the 
central axis OL, to cut the other edge at the bottom end of the chute. 
From the points on both edges project lines into the pattern at right 
angles to the central axis. Next, take the distance 1,2 in the com- 
passes, and from any point 1' on the line projectea from T, mark off 
r2' by stepping over from one line to the next, as shown in the 
diagram. Follow this up by spacing off 2', 3' ; 3', 4' ; 4', 5' ; equal 
to the corresponding spaces round the quadrant. Repeat these 
spacings back to the point V, A line drawn through these points 
will then give the form of the top curve in the pattern. From the 
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points 2', 3', 4', 5', ... 2" on the curve, draw lines parallel to the 
central axis CL to cut the lines projected from the other end of the 
chute. A similar curve drawn through the points of intersection, 




fts from C' to will give the form of the bottom curve in the pattern 
Join r,C", and Vfi", It will be observed that the two triangles, 
l',2',C" and are extra to that portion of the pattern which 

forms the half oblique cylinder. When |;he chute is rolled*into shape, 
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these two triangles should remain flat. No allowances for the wired 
edge are shown in the pattern. These should, of course, be added to 
suit the gauge of wire used. 

The scale pan shown in Fig. 39 is an example involving the prin- 
ciple of the right cylinder, because the semicircular cross-section 
oc(iurs at SN, at right angles to the central axis CL. The develop- 
ment of the pattern, however, is left as an additional exercise. 




FlQ.Al. 

MOULDING : CURBS AND GUTTERS 

The geometry of moulding sections should offer no difficulty if it 
be remembered that these are ordinary prisms, and the methods of 
development are precisely the same as those of the cylinder, except 
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that the shape of the cross-section is varied instead of circular. 
There is no difference between a curb and a gutter in so far as their 
geometry is concerned. In a practical sense, the difference lies in 
the use to which they are put ; the gutter for roofing work ; the curb 
for the hearth. The illustration at (a), Fig. 43, represents the cross- 
section of a curb. If this diagram be reversed, turned upside-down, 
a typical form of gutter will be seen. The development of the pattern 
is therefore exactly the same for each. Curbs offer scope for a great 
variety of treatment, not only in design, but also in the practical 
construction and the choice of material. However, those sections 
illustrated in Figs. 40 and 41 are suitable for making of 18 or 20 
gauge sheet-brass or, alternatively, of mild steel, welded joints, to 
be afterwards suitably enamelled in a variety of colours. 

To develop the pattern for the mitred joint, first draw the shape 
of the cross-section, as shown at (a), Fig. 40, and immediately below 
it the plan of the elbow. Divide the contour of the cross-section into 
any convenient number of parts, as shown at 1,2, 3, 4, 5, 6, 7, 8, 9, and 
from the points of division, drop vertical lines into the plan, to cut 
the joint line below. 

From the points on the joint line, draw lines into the pattern at 
right angles to the central axis CL. Next, set off the base line at right 
angles to the central axis, and mark off the divisions l',2',3',4',5", 
6', 7', 8', 9', equal to the corresponding divisions round the cross- 
section above. From these points on the base line, drop perpendicu- 
lars to cut the lines projected from the joint line in the plan. A line 
now drawn through the points of intersection will give the contour 
of the joint line in the pattern. The same contour reversed serves 
for the pattern of the other side of the elbow. 

The angle of the joint line, more particularly in connection with 
gutters and spouting, makes no difference to the method of procedure. 
The examples given show the joint line of 45 degrees, which forms an 
elbow of 90 degrees. For angles which are required to be greater 
or less than 90 degrees, all that is necessary is to mark the joint line 
at an angle which is half of that of the desired elbow. Thus, if the 
elbow is required to be 120 degrees, the angle of the joint line should 
be at 60 degrees, or the angle of the elbow bisected. Then proceed 
as in the example given in Fig. 40. The sections shown in Fig. 41 
serve as additional examples for practice. 

The contour of the cross-section also makes no difference to the 
method of procedure, as inay be seen by an inspection of the develop- 
ment shown in Fig. 43. The curb illustrated in Pig. 42, with the 
development of its mitred joint shown below, is an example of one 
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made of 18 gauge brasR, with panels of repouss4d design along the 
front and sides. 

THE WHEEL-ARCH PANEL 

The illustration in Fig. 44 is ca typical example of the wheel-arch 
panel of a motor car. The development of the pattern for the blade 



y 9 



Fi<3 .45. 

is a straightforward problem of the parallel line method, and though 
the details of design may vary, the general principle of the 
development should apply in all such cases. 

In the front elevation, the edge of the blade is divided equally 
into fifteen parts, and numbered 1 to 16. From these points, lines 
are dropped vertically into the plan to form parallel lines across the 
width of the blade. To develop the pattern, set off the base line, 
shown below, and mark off the distances l',2',3',4' ... 16', equal 
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to those spaced round the edge of the blade in the elevation. From 
the points thus marked off, project lines at right angles to the base 
line into the pattern. Next, on the projected lines, mark off the 
corresponding lengths from the parallel lines across the blade in the 



plan. Thus 9', a' in the pattern should be equal to 9, a in the plan. 
A curve through these points will give the shape of the pattern. 

An important consideration is the position of the welded joint 
between the blade and the shield. This is usually made along the 
centre of the curved corner, as shown by the dotted line in the plan. 
To obtain the position of this line in the pattern, mark oflF the dis- 
tance VR in the pattern equal to IE from the plan. Then, from R' 
in the pattern, mark back R'W' equal to the curved portion EW 
from the plan. The dotted line in the pattern thus represents the 
position of the weld, and the strip should be cut off to that line. 



Chapter 4 

THE METHOD OF TRIANGULATION 

Tri ANGULATION is by far the most important method of pattern 
development, since the greater part of the geometry of sheet metal 
work is concerned with bodies of complex design. Triangulation is 
often called the “Short Radius’’ method, but the choice of terms 
matters little beyond the fact that the former is the more appropri- 
ate. In a broad sense, triangulation depends on a method of dividing 
the surface of the object into triangles, finding the true size of each 
triangle separately, and placing them side by side in the proper order 
to obtain the full pattern. It is, therefore, a process of addition, 
or building up. To obtain the true size of each triangle, the true 
length of each side must be found and placed in its correct relation 
to the other sides. 

THE GOLDEN RULE OF TRIANGULATION 

The method of finding the true length of a line is very simple, yet 
sometimes very elusive in a complex problem. This method, some- 
times called the “Golden Rule ” of triangulation, is to place the plan 
length of a line at right angles to its vertical height, when the diagonal 
will represent its true length. The principle of this rule will be seen 
by reference to Fig. 45, which shows, pictorially, a ladder leaning 
against a wall. 

The PLAN LENGTH will be the horizontal distance from the foot of 
the wall to the foot of the ladder ; the vertical height will be the 
height up the wall to the point where the top of the ladder leans 
against it; and the true length will be the actual length of the 
ladder itself. It will be observed that when the position of the ladder 
is altered the plan length and the vertical height vary accordingly, 
but when placed at right angles to each other always produce a true 
length diagonal. 

In triangulation two views of an object are essential : an elevation 
and a plan. Since the elevation is a view in a vertical plane, corre- 
sponding to the wall in Pig. 45, it follows that the vertical height of 
any line may be found from the elevation. Since the plan is a view 
in a horizontal plane, corresponding to the ground level in Fig. 45, 
it follows that the plan length of any line may be found from the 
plan. All that is necessary, therefore, is to take the length of any 
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particular line from the plan, and place it at right angles to the 
vertical height of the same line from the elevation, when the diagonal 
will give the true length. (See Fig. 46.) 

This sounds simple enough, but if skilful mastery of triangulation 



Plan length. Plan Icnqth. 

FiQ.46. 


is to be gained, careful observation must be exercised in dividing 
up the surface of the object into triangles and in following the correct 
routine of development. 

DIVIDING THE SURFACE INTO TRIANGLES 

It will be remembered that, in the chapter on Classification of 
Geometrical Forms, a piece of cord was used as a medium for out- 
lining the surface of the solid, and that, in the case of those solids 
belonging to the class of transformers, the cord, whilst kept taut, 
was made to trace out different forms at each end, such as a 
square at one end to a circle at the other, or a rectangle at one 
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end to an ellipse at the other. It is necessary now to recall an 
important factor in this illustration. The use of the piece of cord, 
even though in imagination, is a valuable aid to the correct division 
of the surface of the object into triangles. The cord must lie in a 
straight line along the surface of 
the object from end to end, or as 
nearly as the form will permit. 

The importance of this will be 
seen by reference to Fig. 47. At 
(«) the illustration represents, per- 
spectively, a square -to -circle trans- 
former, commonly called a tallboy. 

It is shown in orthographic plan 
and elevation below at (6). This 
type of geometrical body is very 
common in ductwork, and serves 
to transform a square or rectan- 
gular section to that of a circular or 
cylindrical form. 

The surface of this transformer is 
composed of four separate quarters 
of a cone, with flat triangles between 
them. The quadrant numbered 
0,1, 2, 3, 4 represents the base of one 
quarter- cone, and the corner point 
B represents the apex. The triangles 
\AB and 4t:BC are flat surfaces be- 
tween this quarter- cone and the 
two quarter- cones on either side. A 
piece of cord, stretched taut, with 
one end fixed at jS, could be made to lie in a straight line along 
the surface of the quarter- cone at any position between 1 and 4. 
Therefore the two intermediate lines B2 and J53 lie on the surface. 

On the other hand, imagine a line to be stretched from M, the 
middle point of A,/?, to a point 3', two paces round the curve at the 
top. If the line were straight, it would pass, not along the surface 
of the transformer, but actually up the inside, as may be seen both 
in the plan at (6) and in the perspective view at (a). If the line passed 
along the surface of the transformer it would be considerably curved 
towards the top, as may also be seen in those two views. In short, 
a piece of cord stretched from M to 3' could not possibly lie in a 
straight line on the surface of the transformer. A proper realization 
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of this will help the reader to understand the importance of correctly 
triangulating the surface of the object to be developed. 

PATTERNS DRAWN TO SCALE 

Sheet metal workers are often faced with the problem of develop- 
ing a pattern much too large to be accommodated on one sheet of 

Pttttirn enlaroed irom hdf icalt to full m . 




metal ; such, for instance, as that of a hood perhaps 6, 9, or 12 ft. ' 
acsross its base. To lay down a full-sized plan and elevation for the 
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pui’pose of developing a fuli-sized pattern would be a task of much 
difficulty, and woMd certainly prove a considerable time-waster. 
Patterns of large dimensions should be developed to scale, and then 
enlarged to full size when being transferred to the sheets. The method 
of drawing to scale also enables the craftsman to place the patterns 
to the best advantage for cutting them from the sheets, thus ensuring 
a minimum of waste by scrap. 

There are two or three methods of enlarging the pattern from the 
sc*, ale drawing to the full size. Perhaps the simplest is, first, to mark 
off a straight line a little longer than the longest one needed in the 
full-sized pattern, and then, taking each line in order from the scale 
drawing, space it off with the compass along the line a number of 
times, equal to the scale of the drawing. Thus, if the drawing is 
one- quarter scale, each line should be spaced off four times. The 
result will give the full length of each line. Another good method 
is to carefully measure the length of each line, and multiply it by 
four, or by whatever number the denominator of the scale fraction 
might be, and then, using a tape measure as a trammel, mark off 
each line in the pattern. The best method is to use a scale rule, and 
read off the full length of each hne directly, and then mark it off 
in the pattern. However, the use of the scale rule in this work will 
be dealt with more fully later in the course. 

Fig. 48 shows a pattern at (a) developed by triangulation to a scale 
of one-half, and the same pattern at (6) enlarged to full size. This 
example will serve to illustrate how any pattern, either to scale or 
full size, may be transferred in this way. Each triangle is dealt with 
in order, and the pattern steadily developed. Beginning with the 
line marked a, which is made twice the length of the corresponding 
line in the half-scale pattern, the first triangle will be completed 
when the lines b and c are marked off, each twice the length of the 
corresponding lines in the smaller pattern. The second triangle 
will be completed when the lines d and e are dealt with, and the 
third triangle when / and g are added, and so on. 

Variety of treatment 

One of the difficulties which beset the beginner is to visualize the 
required form of the body, and to divide it into triangles correctly. 
A body incorrectly triangulated will produce an incorrect pattern, 
even though the golden rule of ‘'plan lei^h at right angles to vertical 
height” be carefully followed. One of the advantages of triangula- 
tion is its remarkable adaptability in application, particularly in 
the advanced stages of the work. In many cases the same problem 
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may bo dealt with in several different ways, according to the require- 
ments of design and the ingenuity of the pattern drafter. 

The illustrations shown at Fig. 49 represent four different designs 
of branch pieces to fit exactly the same positions. The relative merits 
of each, from the standpoint of efficiency, are considerations which 



should be studied under the separate subject of Air Duct Design. It 
is sufficient for the moment that they illustrate the variety of treat- 
ment which the same conditions often afford. 

TRANSFORMERS BETWEEN TWO PARALLEL PLANES 

The broad principles of triangulation may be explained in a few 
words, but skill in the application of those principles cannot be 
gained in a few moments. The field of application is so broad and 
the variety of problems so great, that fresh posers are continually 
being encountered. However, in the early stages, the principles can 
best be grasped and understood by applying them to a few familiar 
problems, which, nevertheless, might well be turned round and 
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viewed from slightly diflFerent angles. The problems dealt with in 
the First Course of triangulation are transformers between two 
parallel planes. The planes, for convenience, will be taken as hori- 



zontal. Therefore the top and bottom edges of the transformers will 
be level or horizontal. The vertical height will be the perpendicular 
distance between the two planes, and will be represented by a line 



drawn at right angles to the base from the top of the body. (See 
Fig. 61.) It will be observed that, by these conditions, every line 
drawn on the surface of the body from the top to the bottom will 
have the same vertical height. This, in the early stages, has the 

3— -(LiS©) 
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advantage of simplifying the work, since only one vertical height is 
needed in the elevation to serve for all the lines on the surface of the 
transformers. The plan will give all other details necessary for 
obtaining the pattern. 

TWISTED SQUARE TRANSFORMER 

One of the simplest and best examples to illustrate the principles 
of triangulation is afforded by the square -to -square transformer, 
in which the square at one end is placed diagonally to that at the 
other. In practice this occurs as a twisted connecting piece between 
two square pipes or portions of a duct, as shown in Figs. 50 and 63. 
Its surface is made up of flat triangles, with comers bent along the 
edges. 

To develop the pattern, first draw the plan, showing the two 
squares placed in the correct positions in relation to each other, 
as in the plan above the pattern at (a). Fig. 52. A full elevation may 
be drawn if desired, but only the vertical height line will be needed, 
and should be set off, with the horizontal base line extended to any 
convenient length, as shown in the elevation at (a), Fig. 52. The 
corner points in the plan should now be numbered, beginning at the 
seam, as at 1,2,3, 4,6, 6,7, 8,9. As already stated, every line forming 
the triangles in the pattern must be a true length. It will be observed 
that, in Fig. 52, the distances round the bottom square, 1,3 ; 3,5 ; 
5,7 ; 7,9; 9,1 ; and also the distances round the top square, 2,4; 
4,6 ; 6,8 ; 8,2 ; are already true lengths in the plan, because they are 
horizontal, and possess no vertical height. On the other hand, the 
distances 1,2; 2,3; 3,4; .. . 8,9; 9,2; which pass up and down 
between the top and bottom, do not represent true lengths. In order 
to obtain the true lengths of these lines, the distances from the plan 
must be triangulated against the vertical height. 

Thus, for the first triangle in the pattern, take 1,2 from the plan 
and mark it off along the base line from the foot B of the vertical 
height. Then take the diagonal from the point 2 on the base line 
to the top T of the vertical height, and mark off this distance on 
the line r,2' in the pattern. Next take 2,3 from the plan and mark 
it off along the base line at right angles to the vertical height ; take 
the diagonal from the point 3 on the base line to the top T of the 
vertical height, and from the point 2' in the pattern swing off an arc 
through the point 3'. Now take the true length line 1,3 direct from 
the plan, and from the point 1' in the pattefn describe an arc cutting 
the previous arc in 3'. Join l',3' and 2',3'. For the second triangle, 
place the plan length 3,4 at right angles to the vertical height, take 
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the diagonal, and from point 3' in the pattern, swing off an arc 
through the point 4'. Take the true length 2,4 from the plan, and 
describe an arc cutting the previous arc in point 4'. Join 2',4' and 3', 4', 



FtQ.S2. 


For the third triangle, repeat this process with lines 4,5 and 3,5. 
For the fourth, and remaining triangles, the process is repeated 
until the final triangle is eompleted. 

If will be seen that the plan lengths of 2,3 ; 3,4 ; 8,9 ; 9,2 ; 

are all equal. Therefore the distance 5,3 on the base line serves for 
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all of them. The true lengths also are all the same. This condition 
occurs when the top square is placed concentrically over the bottom, 
but in a case such as that shown at (c), Fig. 52, where the top square 
is dfF-centre with the bottom square, the plan lengths will vary, as 
also will the true length. The example shown at (6), Fig. 52, repre- 
sents the top and bottom squares of the same size. The development 
of this transformer is carried out in a sirnilar manner to that of (a), 
although it is interesting to note that the pattern is actually a simple 

rectangle, having a length 
equal to the perimeter of one 
/ of the squares. 

/ The examples at (6) and 

/ lllllll additional 

/ M exercises. 


Pw icctfd Wnd 


A SQUARE CORNER 
BEND 


/I \ /// iecnon. 

/j \// i Whenever a square pipe 

/ 1 1 1 1 j or duct undergoes a change 

I I j of direction at an angle 

M |l which involves a twist on its 

/ 1 axis, the type of transformer 

i I j y i dealt with in this, and the 

I foregoing, example is the 

' ^ ^ folcmm on which the change 

ji effected. In this example, 

|j / j i r ^ shown in plan and elevation 

\ ^ ^ square duct is 

passihg up a wall 

/ j comer. A right-angle bend, 

D.^v^3Li shown in projection, is re- 
quired to come off at an angle 
of 45 degrees to the normal axis of the duct. This necessitates that 
the two sides of the twisted section facing the walls should be vertical. 
The twisted section, or transforming piece, is shown in Fig. 54, and 
the vertical sides referred to at 7,9 and 9,3. The top square 2, 4, 6, 8 
is therefore off-centre, and turned through an angle of 45 degrees 
in relation to the bottom square 3, 5,7, 9. The seam is made from the 
middle point 1 of the bottom side 9,3, up to the comer point 2 of the 
top square. 

To develop the pattern, set off the vertical height line from the 
elevation. For the first triangle, take the plan length 1,2 and mark it 


FiQ .fiS. 
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off from B along the base line at right angles to the vertical height. 
The diagonal 2,T will be the true length of this line, which should 
now be marked off in the pattern, as at l',2'. Next, take the plan 
length 2,3 and mark it off from B along the base line. The diagonal 
3,!r will give the true length of this hne. Take this distance 3,T in 
the compasses, and from 2' in the pattern swing off an arc through the 
point 3'. Now take the true length 1,3 from the plan, and from 1' in 
the pattern describe an arc cutting the previous arc in point 3'. For 
the second triangle, take 
the plan length 3,4 and 
mark it off from B along 
the base line. Take the 
diagonal true length 4,7^, 
and from point 3' in the 
pattern swing off an arc 
through the point 4'. Next, 
take the true length 2,4 
from the plan, and from 
2' in the pattern describe 
an arc, cutting the previous 
arc in point For the 
third triangle, repeat the 
process with lines 4,5 and 
3,5. For the remaining 
triangles the process is the 
same throughout. 

If should be remembered 
that only those lines which 
pass from top to bottom , ^ 

or bottom to top should ^ Pl^ 54 ^ 

be triangulated against the 
vertical height. Those lines which form the perimeters of the squares 
are in horizontal planes and can therefore be taken as true lengths 
direct from the plan. 

TWISTED RECTANGULAR DUCT 

Sometimes it is required to twist a rectangular duct through 90 
degrees to bring the broad side at right angles to its previous position. 
There are three typical cases of this problem worthy of note. First, 
there is the case in which the duct is turned concentrically on its 
axis, producing a connecting piece similar to that shown at (c). Fig. 
65. Jn this case the pattern is formed of four similar trapeziums ip 
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alternate reverse positions, each representing one side of the trans- 
former, and all together lie between two parallel lines. The second 
case is one in which the duct is turned off-centre in one direction 
only, so that one side may lie flat against a wall or ceiling. An ex- 
ample of this t3rpe is shown at (d), Fig. 55. In the third case the duct 
is turned off-centre in two directions, so that two sides may lie flat 
against two walls forming a wall comer, or, alternatively, against 


a wall and a ceiling according as 



the corresponding distances from 
For the other two sides, it will 1 


Le duct is vertical or horizontal. 
An example of the third class 
is shown perspectively at (a), 
and in plan and elevation at 
(5), Fig. 55. 

The pattern may be deve- 
loped by triangulation, but it 
will be simpler to lay out the 
sides direct by the use of the 
set-square. In the plan, the 
top rectangle is numbered 
1,2, 3, 4, and the bottom rect- 
angle 5,6,7, 8. It will be 
observed that the corner from 
point 3 runs vertically down- 
wards to point 7. Let this 
corner constitute a bend in the 
middle of the pattern; then 
the two sides forming the bend 
may readily be set out. First 
draw the bend line 3',7', and 
set off 2', 4' and 6', 8' at right 
angles to it. Mark off 3',2'; 
3', 4' ; and 7', 6' ; 7',8' equal to 
the plan. Join 2',6' and 4',8'. 
>e seen from the plan that the 


top edge 2,1 is at right angles to the comer 2,6. Therefore the 
distance 2,1 from the plan can now be set off in the pattern at right 
angles to 2',6', and the distance 6,5 from the plan set off from 6' 
parallel to 2',1'. Join r,6'. Similarly, in the plan it will be seen that 
the bottom edge 8,5 is at right angles to the comer 8,4. Therefore 
the distance 8,5 from the plan can be set off in the pattern at right 
angles to 8',4', and the distance 4,1 from the plan set off from 4' 


paraUel to*8',6". Join r,6". 

The examples at (c) and (d) are left as additional exeroiseg. 
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THE SQUARE-TO-CIRCLE TRANSFORMER 

A problem of very common occurrence in sheet metal work, par- 
ticularly in pipe and duct work, is that of the square-to- circle trans- 
former, often called a tallboy. Its object in duct work is to transform 
a square or rectangular pipe to a round pipe, or to connect a round 




pipe to a square or rectangular hole, such as the outlet of a centri- 
fugal fan. This type of transformer also takes the form of hoods over 
hearths and furnaces to collect the fumes which rise up through the 
pipe at the top. (See Fig. 56 (a) and (6).) In general practice it is 
encountered in a variety of ways, almost too numerous to mention. 

The simplest example of this class is such as that shown in Fig. 
57, in which the centre of the circle in the plan coincides with that 
of the square, and in which the diameter of the circle is smaller than 
t>he Tfidth of the s<|uare. fhe method of developing the patt^rx^j 
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however, is the same for every case, whether the circle is the same 
size as or larger than the square, or whether the circle is off-centre 
one way or both ways with that of the square. 

To develop the pattern, divide the circle in the plan into twelve 
equal parts. Any other number would do as well, but twelve is very 


T 



convenient, as the divisions can be obtained with the compasses 
without altering the radius. Assuming the seam to be up the middle 
of one side as at 1,2, Fig. 57, number the points, beginning at the 
seam, as shown at 1,2, 3, 4 . . . 14,15,16,17. Project a vertical 
height line from the elevation, and extend the base line suflSciently 
to £(ccommodat^ tbe longest plan length, 
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For the first triangle, take the plan length 1,2 in the compasses, 
and mark it off from B along the base line at right angles to the 
vertical height. Take the true length diagonal from 2 to the top T 
of the vertical height, and set off l',2', in the pattern. It wiU be 
observed that this first fine in the pattern may be set off anywhere 
and in any position, since the rest of the pattern will follow accord- 
ingly. However, a little care and foresight are usually needed to 
place the first line so that the pattern following up will not run off 
the sheet or the paper. Next take 2,3 from the plan, mark it off 
from B along the base line at right angles to the vertical height, 
take the true length diagonal from 3 to the top T, and from point 2' 
in the pattern swing off an arc through point 3'. Next take the true 
distance 1,3 from the plan, and from the point 1' in the pattern 
describe an arc cutting the previous arc in point 3'. Join 2', 3' and 
r,3'. 

For the second triangle, take 3,4 from the plan, mark it off along 
the base line, take the true length diagonal, and from point 3' in the 
pattern swing off an arc through the point 4'. Next take the true 
length 2,4 direct from the plan, and from point 2' in the pattern 
describe an arc cutting the previous arc in point 4'. Join 3',4'. For 
the third triangle, repeat this process with the plan lengths 3,6 and 
4,5 ; and again for the fourth triangle with plan lengths 3,6 and 5,6. 
For the fifth triangle, repeat the process with plan lengths 6,7 and 
3,7 ; but observe in this case that the triangle is reversed in position. 
The remainder of the pattern should now be quite easy to follow, 
since it is a repetition of these processes right through. The line 
from 2' to 2" should be a curve, and not a series of short straight 
lines. 


METHOD OF NUMBERING THE POINTS 

One of the best aids to clear development in triangulation is a 
satisfactory method of numb^ing the points of division in the plan 
and elevation. Many different methods are in use, but the author 
prefers one in which the consecutive numbers 1,2, 3, 4 . . . and so 
on, can be used right round the body from seam to seam. In many 
cases of triangulation, the arrangement of the lines forming the 
triangles produces a continuous zigzag line on the surface between 
the top and bottom edges of the body, as shown at (a), Fig. 58. 
Examples of this class were given in the previous section, on square- 
to-square transformers, and many other examples are to follow. The 
zigzag line need not be regular in form, as at (a), Fig. 58, but may 
take almost any shape, such as the example at (6). The chief point to 
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\0 14 



observe is that, beginning at the seam with 1 to 2, the consecutive 
numbers are placed alternately at top and bottom as the zigzag 
line forming the triangle passes roimd the body. This is a very simple 
method of numbering, and has the advantage that, if the work of 

development be left for a 
time, it can be picked up 
with confidence at the exact 
spot where it was left off. 

Square-to-circle trans- 
formers introduce a little 
variation on this arrange- 
ment, the principle of 
which is shown at (c), Fig. 
58. From this diagram it 
will be seen that the con- 
tinuous zigzag line is formed 
by 1,2,3,6,7,10,11,14,15. 
But there are other lines 
radiating from points 3,7, 
and 11, as 3,4 and 3,5. The 
method of procedure, in a 
case like this, is to begin 
at 1 and follow up in zig- 
zag form with 2, 3, and 4. 
From point 4, there is no 
return to the base, other 
than back to 3. Retrace 
back to 3, ^nd proceed to 
point 5. Again retrace back 
to 3, and proceed to point 6. 
It is now possible to get back to the base from 6 to 7. From 
point 7 the process is repeated as from point 3, but this time with 
7,8; 7,9; and 7,10; and then back to 11. This is repeated again 
from point 11. 

It will be found that this method of numbering can be applied 
to all cases, and will be of considerable advantage when complicated 
problems are dealt with. 




Fiq.Sg. 


OFF-CENTRE RECTANOLE-TO-CIBGLE TBANSFOBHEB 

To develop the pattern for a rectangle-to-circle transformer, off- 
centre both ways, set out the plan and elevation to suit the required 
dimeiisions, as shown at (a), Fig. 59. Assuming that the seam is tp bf 
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on the triangle at the shorter end, divide the surface into triangles and, 
beginning at the seam, number the points as shown in the diagram. 



For the first triangle, take the plan length 1,2, and mark off at 
light angles to the vertical height ; take the true length diagonal, 
and set off r,2' in the pattern. Next take the plan length 2,3, and 
mark off at right angles to the vertical height ; take the true length 
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diagonal, and from 2' in the pattern swing off an arc through point 
3'. Take the true length 1,3 direct from the plan, and from point 1' 
in the pattern, describe an arc cutting the previous arc in point 3'. 
Join l',3' and 2\3'. For the second triangle, take the plan length 
3,4, and mark it off at right angles to the vertical height ; take the 
true length diagonal, and from point 3' in the pattern swing off an 
arc through point 4'. Next take the true length 2,4, direct from the 
plan, and from point 2' in the pattern, describe an arc cutting the 
previous arc in point 4'. Join 3', 4'. For the third triangle, repeat 
this process with plan lengths 3,5 and 4,5 ; and again for the fourth 
triangle with plan lengths 3,6 and 5,6. For the fifth triangle repeat 
the process with plan lengths 6,7 and 3,7 ; but, again, observe that 
the triangle is reversed in position. The remainder of the pattern 
should now be quite easy to follow, since it is a repetition of these 
processes right through. The line from 2' to 2" should be a curve. 

It will probably be noticed that this description is almost a repe- 
tition of that for the development of the problem shown at Fig. 57. 
This fact is worthy of particular observation, since it brings out one 
or two important points. All square-to- circle transformers between 
two parallel planes, which have been numbered in accordance with 
this rule, have precisely the same method of development. However 
different the problems might appear in plan and elevation, the 
method of procedure is exactly the same. It is only a question of 
carefully following the routine of development. A little practice 
will show the simplicity of the method and how easily tliis type of 
problem can be dealt with. 

THE GROUPING OF SDIILARITIES 

The art of pattern-drafting is intimately associated with the craft 
of sheet metal work. Before the application of geometry became 
popular, patterns used to be drafted by guesswork and numerous 
devices accumulated over long years of experience. Yet methods 
of trial and error can never be accurate, except by the lavish expen- 
diture of time and trouble. Now, since accuracy is one of the essen- 
tial conditions of modem production, the application of geometry 
to the solution of problems of pattern-drafting is an economical 
method of ensuring success. The principles of surface development 
are most profitably studied by taking problems in systematic order 
rather than by casual selection. The grouping of similarities is a 
valuable help in bringing out the fundamental principles. The term 
“similarities’' here refers to similarities of methods of development 
ratbeir t^han similarities of fpirn, 
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In this first course of triangulation, the problems dealt with are 
transformers which lie between two parallel planes. Up to this point 
have been those which transform from a square at one end to a sim- 
ilar square placed diagonally at the other, and these were followed 
by the tallboy type which transforms from a square at one end to a 


circle at the other. 
Those which now fol- 
low in progressive 
order are such as trans- 
form from*'an oval or 
1 

other curved outline at 
one end to a circle at 
the other; those which 
transform from a semi- 
circle at one end to a 
circle at the other ; 
and those which trans- 
form from a combined 
rectangle and semi- 
circle to a circle at the 
other. In practice, 
these problems find 



application in many 


forms of hoods and • 
hoppers. The illustra- ! 
tion in Fig. 60 shows, ! 
in elevation and plan, a \ 
connecting piece which | / 
fits at the base on one [/» 
half of the top end of a Iff 
cylindrical body, and III 
transforms to a circu- I (L, 
lar pipe above. The 
development of the \ \ 
pattern for this type 
is shown in Fig. 62. 

THE OVAL-TO- 
CIRCLE TRANS- 
FORMER 




To develop the 
pattern for the 


Fig . 60 . 
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oval-to-circle transformer, first set out the plan and elevation as 
shown at (a) Fig. 61. In the plan, divide one quarter of the circle 
into three equal parts and the corresponding quarter of the oval 
similarly. One quarter will be sufficient since the plan is symmetri- 
cal about both axes. Number the points from 1 to 8. A zigzag 
line drawn between these points will divide that part of the 
surface into triangles. Project a vertical height line in the elevation, 
and extend the base line along which to mark off the plan lengths. 

For the first triangle, take the plan length 1,2, and mark it off 
from B at right angles to the vertical height. Take the diagonal 
true length line and set off l',2' in the pattern. Next take the plan 
length, 2,3, and mark it off at right angles to the vertical height ; 
take the diagonal true length, and from 2' in the pattern swing off 
an arc through point 3'. Take the true length 1,3 direct from the 
plan, and from point 1' in the pattern describe an arc cutting the 
previous arc in point 3'. Join l',3' and 2', 3'. 

For the second triangle, take the plan length 3,4, and mark it off 
at right angles to the vertical height ; take the diagonal true length, 
and from point 3' in the pattern, swing off an arc through point 4'. 
Next take the true length 2,4, direct from the plan, and from point 
2' in the pattern describe an arc cutting the previous arc in point 
4'. Join 3', 4' and 2', 4'. For the third triangle, repeat this process 
with plan lengths 3,5 and 4,5; and again for the fourth triangle 
with plan lengths 4,6 and 5,6. The remaining two triangles which 
complete the quarter pattern are similarly obtained from the plan 
lengths, 5,7 ; 6,7 ; and 6,8 ; 7,8. The full pattern may now be com- 
pleted by repeating or duplicating this quarter in the order shown 
in the figure. The examples at (6) and (c) are given as additional 
exercises. 

THE SEm(3RCLE-T0.CmCLE TRANSFORMER 

Although the semicircle-to-circle transformer appears to be quite 
different from the previous example, the method of procedure in 
developing the pattern is precisely the same. A little more care, 
however, will be needed in following the numbered points. The seam 
in this case (Fig. 62) extends from point 1 on the middle of the 
straight side to point 2 on the corresponding quarter point on the 
circle above. It will be seen that the quadrant in the circle from 
2 to 6 is connected to the comer point 3 by the lines 3,2 ; 3,4 ; 3,5 ; 
3,6 ; and that the quadrant from 2 to 18 is connected to the other 
comer point 17 by the lines 17,18; 17,19; 17,20; 17,2. A certain 
amount of overlapping makes it difficult to show these lines clearly. 
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The line in the plan, for instance, from 17 to 18, lies vertically up- 
wards, and is, therefore, represented by a single point which takes 
both numbers. Also, the line from 17 to 19 lies so close to the curve 


T 




(b) OSiili (C) 


of the circle that it cannot be clearly separated. Again, the line from 
2 to 3 almost coincides with that from 3 to 4. Nevertheless, with 
careful attention to these points it should not be difficult to follow 
the sequence of numbers. 

To develop the pattern, set out the plan and elevation to the re^ 
quired dimensions, and, in the plan, divide the top circle into twelve 
equal parts and the bottom semicircle into six equal parts. Beginning 
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at the seam, number the points from 1 to 20 as shown in the 
diagram. It will be noted in this case that the whole of the surface 
must be triangulated for development, as it is not symmetrical 
about any axis. Project a vertical height line in the elevation, and 
extend the base line, along which to mark off the plan lengths. It 
will also be noted that the vertical height and the base line are pro- 
jected on the left-hand side instead of the right. This, however, 
makes no difference at all to the method of development. 

For the first triangle, take the plan length 1,2, and mark it off 
from B right angles to the vertical height. Take the diagonal 
true length and set off I ',2' in the pattern. Next take the plan length 
2,3, and mark it off at right angles to the vertical height ; take the 
diagonal true length, and from 2' in the pattern swing off an arc 
through point 3'. Take the true length 1,3 direct from the plan, and 
from point 1' in the pattern describe an arc cutting the previous 
arc in point 3'. Join r,3' and 2', 3'. For the second triangle, take 
the plan length 3,4 and mark it off at right angles to the vertical 
height; take the diagonal true length, and from point 3' in the 
pattern, swing off an arc through point 4'. Next take the true 
length 2,4, direct from the plan, and from point 2' in the pattern, 
describe an arc cutting the previous arc in point 4'. Join 3', 4' and 
2', 4'. For the third triangle, repeat this process with plan lengths 
3,5 and 4,5, and again for the fourth triangle with plan lengths 3,6 
and 5,6. For the remainder of the pattern the process is further 
repeated using the plan lengths in the order shown in the diagram. 

It should be remembered that in all cases of transformers between 
horizontal planes, the distances taken round the top and bottom 
perimeters are already true lengths in the plan, and do not require 
to be triangulated against the vertical height. On the other hand, 
all those distances taken from the plan which pass up and down 
from bottom to top and top to bottom, do not represent true lengths, 
and must be triangulated against the vertical height, when the 
diagonal will give the required true length. 

THE RECTANGLE, SEMCmCLE-TO-ClRCLE TRANSFORMER 

The example shown at (a), Fig. 63, is a combination of half a cone 
and half a tallboy. 

It is a typical form of transformer which serves as a hopper with 
its back to a wall. The circular hole at the bottom may be propor- 
tionately large or small, or off-centre acpording to circumstances. 
The method of development, however, is exactly the same in each 
case. It is merely a question of carefully triangulating the siufaoe in 
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the manner shown at (a) and following the course of directions for the 
pattern given in the previous example. Since the directions for 



(bl if) 


developing the pattern are similar to those of the example in Kg. 
62, these at (a), (b), and (c), Fig. 63, are left as additional exercises. 

FUNDAMENTAL PRINCIPLES 

Pattern-developing is a subject which may be approached from 
more than one standpoint. It is a comparatively easy task to follow 
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implicitly a fully detailed draft of directions for one particular 
problem. The completion of one may be followed by the solution of 
several more problems, and a certain sense of satisfaction may be 
experienced as one after another is added to the list. Yet, when 
each problem becomes a formula peculiar to itself, which must be 
memorized in order to dispense with the directions, the student 
cannot progress very far. The 
subject soon becomes too 
great a tax on the memory. 

The best and most satisfactory I* j 

method of tackling the subject 1 tj — I 

is to concentrate on the funda- j | 

mental principles, and digest i 

them by practising on suitably I X 

arranged problems. This may / 

not be so easy in the begin- / 

ning, but the persevering i 

student will eventually emerge • 

with a more lasting and tiirf j .• 

reliable knowledge of pattern ► j p. 

development which he can ! j 

apply with confidence to his yy\\\ i ! 

own range of problems with- j * 

out feeling the need of ready- i 

made recipes for such cases ■ T: i. — 

as depart from the usual 

order. This course of geom- X /| ruMt PiPt. 

etry is designed to develop / >wp hood. 

these principles, and to pro- A 

vide suitable examples for \ Iv 

practice, as this, like many \ j Ww d iwod onW . 

other studies, needs practice ^ 
in order to gain facihty in the 
application of the principles. 

Fig. 64 shows a typical form of hood over a hearth, with the fume 
pipe taking an easy direction through the wall, such that the upward 
draught meets with a minimum of resistance. Sometimes, when 
there is much smoke , it is necessary to arrange for cleaning by fitting 
stumps with easily removable caps. The hood is a little different 
from the ordinary tallboy, inasmuch as the two front comers at the 
bottom are quadrants with a good radius. The development of the 
pattern is shown at Fig. 66. 


Pltti fll iitod pnW. 


64 . 
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HOOD WITH CORNER RADH 

To develop the pattern for the hood shown in Fig. 65, set out the 
plan and elevation to the required dimensions ; divide the smrface 
into triangles and number the points in the manner shown in the 




FiQ .6S. 

diagram. Since the plan is symmetrical about the centreline xy^ 
cmly half of the figure need be triangulated. However, it will be not^ 
that the point 14 is carried over to that opposite point 13, so that the 
full triangle 12,13,14 may be developed in one. The remaining part 
of the pattern is then a reversed repetition of that up to point 18. 
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For the first triangle, take the plan length 1,2, and mark it off at 
right angles to the vertical height; take the diagonal true length 
and set off l',2' in the pattern. It will be seen in this case that the 
plan length 1,2 is a single point, and has no actual length. The ver- 
tical height, therefore, becomes the true length. Next take the plan 
length 2,3, and mark it off at right angles to the vertical height ; 
take the diagonal true length, and from 2' in the pattern swing off an 
arc through point 3'. Take the true length 1,3 direct from the plan, 
and from point 1' in the pattern describe an arc cutting the previous 
arc in point 3'. Join r,3' and 2', 3'. For the second triangle, take the 
plan length 3,4, and mark it off at right angles to the vertical height ; 
take the diagonal true length, and from point 3' in the pattern, swing 
off an arc through point 4'. Next take the true length 2,4 direct from 
the plan, and from point 2' in the pattern describe an arc cutting 
the previous arc in point 4'. Join 2',4' and 3', 4'. For the third tri- 
angle, repeat this process with plan lengths 3,5 and 4,6 ; and again 
for the fourth triangle with plan lengths 3,6 and 5,6. For the fifth 
triangle repeat the process with plan lengths 6,7 and 3,7 ; but observe 
in this case that the triangle is reversed in position. The remainder 
of the pattern should now be quite easy to follow, since it is a repe- 
tition of these processes right through. The line from 2' to 2^ should 
be a curve, and not a series of short straight lines. 

PLANT WORK 

The illustration in Fig. 66 shows, in front elevation and side 
elevation, an arrangement of plant for conveying material to a grad- 
ing machine from a position on a fioor above. The horizontal dis- 
tance may be anything from a few feet to 100 or more ; the length 
of the chain conveyer may be adjusted to suit. The dimensioned 
parts are for such work as would be required of the sheet metal 
worker, although the chain conveyer casing, which is not dimen* 
sioned, may also be of sheet metal. This arrangement is only one of 
innumerable scores where sheet metal work is required in the instal* 
lation of plant equipment. Work of this kind calls for skill and 
resourcefulness, and involves a great deal of pattern development. 
The examples here given are similar to some which have already 
appeared in this course. 

The hopper, illustrated at (a), intended to receive the materia,!, 
is, geometrically, the frustum of a right cone. The pattern should 
therefore be developed by the Radial Line Method. A similar ex- 
ample to this, in the form of a conical jug top, was given as an 
additional exercise in Fig. 9, The phute at (6) delivers ^e material 
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to the hopper below. This chute is an example involving the Parallel 
Line Method of development, and examples of the lobster-back 
bend portion will be found in Figs. 35 and 36. The lower part of the 
chute is similar to the portion of a pipe elbow as shown in Fig. 22, 
The hopper on the chain conveyer at (c), which receives the material 
from the chute, is of right conical form, and fits over the conveyer 
casing to deliver the material to the bottom chain, as will be seen 
in the side elevation. There has been no previous example quite like 
this, but no difficulty should be experienced in developing the pat- 
tern if the principles of the Radial Line Method have been carefully 
followed. The chute at (rf), which delivers the material from the 
conveyer to the grading machine, is a rectangle to circle transformer. 
An example similar to this was given as an additional exercise at 
(c), Fig. 69. These examples in Fig. 66 may be regarded as additional 
exercises. 

Air-duct systems form another type of plant work which embraces 
a large variety of geometrical problems. Hoods, transformers, branch 
connections, and junction pieces are among the details which offer 
much scope for ingenious design and skilful execution. In air-duct 
work efficiency should not be sacrificed for simplicity. Simplicity is 
an excellent maxim where efficiency is not impaired by its adoption. 
However, the problems of efficiency in connection with air-duct 
design need special consideration. 



SECOND COURSE 



Chapter 5 

THE RADIAL LINE METHOD 

In planning the Second Course of geometry for sheet metal work, 
many fresh principles and problems have to be considered, yet the 
main classification of methods of development remains the same. 
The Radial Line Method, the Parallel Line Method, and Triangula- 
tion are the only fundamental methods on which the art of pattern- 

drafting is based, 
but there are nu- 
merous subsidiary 
principles which 
govern the minor 
details of procedure 
in solving any par- 
ticular type of pro- 
blem. For instance, 
problems of both 
the right cone and 
the oblique cone are 
solved by the Radial 
Line Method, yet 
there are character- 
istic differences 
which make the two 
types distinct. 

The Second 
Course is based on 
the following 
arrangement — 

{a) Develop- 
ments by the Radial 
Line Method of 
patterns involving problems of the oblique cone and its frustums. 

(6) Developments by the Parallel Line Method of patterns for 
branch joints between pipes of unequal diameters. Further examples 
of moulding, such as roof finials and downspout heads. 

78 



(b) 
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(c) Intersections of the right cone and cylinder around a common 
central sphere. 

(d) Developments by the Method of Triangulation of patterns for 
transformers between planes inclined at an angle to each other. 

THE OBLIQUE CONE 

The oblique cone is so important in pattern -drafting that a few 
of its outstanding properties are well worth careful observation 
before turning to the development of its surface. To compare it 
with the right cone — 

A RIGHT CONE has a circular base, and its apex lies perpendicularly 
over the centre of the base. 

An OBLIQUE CONE has a circular base, but its apex does not lie 
perpendicularly over the centre of the base. The axis of the oblique 
cone, therefore, leans to one side of the perpendicular. 

Fig. 67 shows a right cone at (a) and oblique cones at (6) and (c). 
An oblique cone cut by any plane parallel to the base presents a 
circle at the plane of cutting. Thus, referring to Fig. 68, the oblique 
cone at ABC is cut by a plane BB parallel to the base BC» The shape 
of the cone at DE is, therefore, a circle. 

THE SUBCONTRARY SECTION 

Like the oblique cylinder, the oblique cone possesses a sub- 
contrary section, which presents a circle at a plane not parallel to 
the base. In Fig. 68 (a) the plane DE is parallel to the base and its 
cross-section is circular. The corresponding subcontrary section 
occurs at FG, which occupies a position such that, from the apex A, 
AG is equal to AE and AF is equal to AD, Also, the angle AOF is 
equal to the corresponding opposite angle AED, and the angle 
ADE is equal to the corresponding opposite angle AFO. By these 
conditions, FG equals DE, and the section at FG is a circle equal 
to the circle at DE. Any plane cutting the oblique cone parallel to 
FG or to DE presents a circular cross-section, but at no other angle 
can a circular cross-section be obtained. 

One other cross-section is important. Any cutting plane through 
the cone at right angles to its axis, as at HC, such that the side 
AH equals AC, presents an ellipse at HC. The importance of a 
clear understanding of this will be seen by reference to Fig. 68 (6). 
The cone AHC appears to be a form of right cone with an elliptical 
base, whereas it is really an oblique cone cut through at right angles 
to its central axis. Circular cross-sections occur at DE and FG, or 
at any plane parallel to either. It will be observed that the 
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geometrical properties of this cone are identical with those of the 
top part AHC of the cone shown in Fig. 68 (a). 



(a) Fift.68 . 


THE OBLIQUE CONE DEVELOPED 

Whereas, in the case of the right cone, the distance from the apex 
to the base is the same at all positions round the surface, the oblique 
cone varies from point to point. 

To develop the pattern for the oblique cone, draw the elevation 
to the required dimensions, and describe a semicircle on the base. 
Divide the semicircle into six equal parts and number the points as 
from 1 to 7 in Fig. 69. From the apex A, drop a vertical line to meet 
the base line produced in A\ A line from A' drawn as a tangent to 
the semicircle will then complete a half-plan of the cone. With the 
compasses at A\ which represents the apex in the plan, draw arcs 
from points 2,3,4,5,6, to the base of the cone. Next, from the apex A 
in the elevation, swing arcs into the pattern from the points thus 
obtained on the base line, including the two outside points 1 and 7. 
Take one of the divisions from the semicircle, as 1 to 2, or 2 to 3, and 
beginning at any suitable point on the inner arc, as at 1', mark off 
tbe point^s , V, bjr stepping over fro?n pnfj 
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line to the next. A curve drawn through these points from 1' to 
will give the base curve in the pattern. Join l',A, and V,A, 



A 


Fiq. 69 . 

THE OBLIQUE CONE FRUSTUM 

It is very rare in practice that the full oblique cone is required. 
It is nearly always truncated, and often cut by curved surfaces. The 
diagram in Fig. 70 shows a similar cone to that of Fi§. 69^ but it k 
tnmo£|>t^, or out off at MN^ 
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To develop the pattern for the frustum or bottom portion, pro- 
ceed exflictly as in the previous example to obtain the base curve. 
Then, for the top curve, draw lines from the points on the base line 
to the apex A. Where these lines cross the top line a series of 
points similar to those on the base line will be obtained. From these 
points, with apex A as centre, swing another series of arcs into the 
pattern. Next, join the points 1', 2', 3', 4', 5', 6', 7', ... 1", on the 
base curve to the apex A . Where these lines cross the arcs from the 
line MNy a series of points will be obtained through which to draw 
the top curve as shown in Fig. 70. This curve will be similar to the 
base curve, but smaller. 

An important observation might be made here. The golden rule 
of triangulation, in which the plan length at right angles to the 
vertical height gives a diagonal which is the true length, also forms 
the basis of the Radial Line Method. For example, the plan length 
from A' to 3 is swung round to 3" on the base line. Since A, A' is 
the vertical height of the cone and A\S" is at right angles to it, it 
follows that the diagonal A, 3" is a true length line. This, in turn, 
is swung into the pattern at A, 3'. Similarly, each of the other lines 
in the pattern radiating from the apex A is a true length. 

The two smaller diagrams at the bottom in Fig. 70 are given as 
additional exercises. 

APPLICATIONS OF THE OBUQUE CONE 

The oblique cone has many practical applications in sheet metal 
work. Among the important examples are those in which portions 
of the cone, in conjunction with flat sides, make up the body re- 
quired. Fig. 71 shows a method of transforming a cylindrical duqt 
to a flat one with semicircular sides in order to pass through a 
confined space. One section is shown in Fig. 72, and it will be seen 
that the portion ABCD is really half an oblique cone, because the 
plane of the semicircle AD is parallel to the plane of the semi- 
circle BC, The portion AEFD is also a similar half of an oblique 
cone, and the two flat triangles AJ5.^ and DCF between them com- 
plete the body. The development of this type of transformer is 
shown in Fig. 74, which has a somewhat longer top, and is more 
akin to a fishtail nozzle. 


A SMOKE HOOD 

The development shown in Fig. 73 is of a smoke hood which is 
fixed, on the vertical side, direct to the wall of the chimney or flue. 
The top of the hood is blanked up, and the smoke passes through a 





THE RADIAL LINE METHOD 


/ / / ^z: 

"'A ./ //^x 
/ • 


/V Z/^- 


, "x \. 
'^, 'n \ 


Z-/ >' 
/ 7 /^ 
■~.i // 

! 7 ?-' 

! 'i 

- -1 — i-j — 

...L.lX 

> ^ v 7 ' 


Z^/ />^;\ \ \ Curve 

'^-•/'/ v '-, \ X \ 

i //'- x \ \ ^. 

■--^. J / / M .. 

kr-r-Ui.. 

— iti.L.'i ' 

u-t-Vrn- 

A// ! 


VO \ V ' o /// 
\\\^\ O'./// 
'vO \ kv / / / / 

X \ A, v/ y .' • 


i>r'^ \ V<Z / / / / 

\ 'C 

\ \ p\ >^/' • / / / 

\ \ '\\ / i 

\ X S'A / ' / 'I 

\\ \ ^vyZv:' >•<. / / 



84 


THE GEOMETBY OF SHEET METAL WOEK 


hole in the chimney wall near the top. This type of hood is formed of 
half an oblique conic frustum with a flat piece on each side. The 
half-conic frustum is the semicircular portion on the left of BJKF in 



the plan, and the two flat sides are ABJI and GFKU, The apex 
of the conic portion is at X, 

To develop the pattern, set out the plan and elevation to the 
required dimensions, as shown in Fig. 73. Join BX and FX in the 
plan. Divide the quadrant BODE into three equal parts, and, with 
X as centre, swing arcs from Afi.C and D on to the centreline EX, 
Transfer these points on EX vertically upwards to the base line in 
the elevation. Letter the points on the base line with the corre- 
sponding letters in the plan, as at A\B\C\D\E\ With X' in the 
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elevation as centre, swing arcs from these points into the pattern. 
Next, in consecutive order, take the distances AB,BC,CDyDE from 
the plan, and, beginning at a convenient point on the arc from A\ 
mark off these distances in the pattern, stepping over from one line 
to the next, as at A",B'',C"yD",E", Repeat these markings in the 
reverse order to G\ A straight line drawn from A" to R", and a curve 
from B" to E'\ and these repeated in the reverse order to 0\ will 
give the base curve in the pattern. Join A"yX' and G\X'. To obtain 
the top curve in the pattern, join A\B\C\D',E' to the apex X' in 
the elevation. From the points where these lines cross the top of the 
hood, swing arcs into the pattern, using X' as centre. Join the 
points B'\C'\D",E" in the pattern to the apex X\ These lines, 
crossing the arcs from the top of the hood, will give the necessary 
points for the top curve, which should be similar to the base curve, 
but smaller. The two examples given at the foot of the figure are 
smoke hoods of a similar character. That shown at (6) is of double 
width to cover two hearths, and that shown at (c) is suitable for a 
comer position. These are left as additional exercises. 

A FISHTAIL NOZZLE 

Perhaps the simplest way to make a fishtail nozzle is to flatten the 
end of a pipe and trim it to suit, but given dimensions cannot be 
worked to by this method. The width of the fishtail can never be 
wider than times the diameter of the pipe. Moreover, the area 
of the flattened end would be reduced in accordance with the degree 
of flattening, which in the case of an air duct, would be an undesirable 
condition. The nozzle shown at (a) Fig. 74, has semicircular ends at 
the top, and is composed of two half-oblique cones with flat triangles 
between them, similar to the transformer shown in Fig. 72. 

To develop the pattern, first set out the plan and elevation to the 
required dimensions, and locate the apex of the half-oblique cone 
in both views, as at X and X', Fig. 74. Divide the quadrant ABCD 
in the plan into three equal parts, and with X as centre, swing arcs 
from Bfi and D on to the centre line X F. Transfer these points on 
X F, including A , vertically upwards to the base line in the elevation. 
Letter the points on the base line with the corresponding letters in 
the plan, as at A',B\C\D\ With X' in the elevation as centre, 
swing arcs from these points into the pattern. Next, in consecutive 
order, take the distances AB,BC,CDy from the plan, and, beginning 
at a convenient point on the arc from A\ mark off these distances in 
the pattern, stepping over from one line to the next, as at A",B''fi'',D. 
These will give points on the base curve, which may now be joined 
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to the apex X\ Next, from B\C\D\ on the base line, draw lines 
to the apex X\ and from the points where these lines cross the top 
of the nozzle, swing arcs into the pattern, using X' as centre. Where 
these arcs cross the lines from points will be obtained 

through which to draw the top curve. The next step is to transfer 
the line D"X\ and all the points on it, to the position D"X'\ by using 
D" as centre, and swinging arcs from all the points on D"X\ To 
determine the position of the line D"X", take IH in the compasses 
from the elevation, and mark off in the pattern on the inner arc 
as shown in the diagram. From D" draw through H' to meet the 
outer arc in X'\ Join r,H\ This completes the flat triangle HIJ 
in the pattern. The remaining conical portion of the pattern is a 
reverse repetition of the first part A"D"X' on the other side of the 
line D"X", 


A HIP BATH 

There are several ways in which the pattern for a hip bath might 
be developed. A good deal depends on the particulars and conditions 
set out in the specification. The hip bath shown in Fig. 75 may be 
developed either by triangulation or by the radial line method. Some 
hip baths admit of development by triangulation only. In Fig. 75, 
a half-plan is placed above the elevation instead of below, in order 
to leave the space clear for the development of the pattern. This, 
however, should in no way confuse the working if that point is borne 
in mind. This particular bath is composed of half a frustum of a 
right cone and half a frustum of an oblique cone, with two flat pieces 
between them. In the elevation, because the plan on A J5 is a semi- 
circle and the plan on CD is also a semicircle, and the axis DAX 
is not at right angles to the planes of these semicircles, the portion 
ABCD is that of the oblique cone frustum, with its tipex at X, Again, 
in the elevation, because the plan on EG is a semicircle and the plan 
on HI is also a semicircle, and the axis EIX is at right angles to the 
planes of these semicircles, the portion EFGHI is that of the right 
cone frustum, with its apex at X, In this case the plane at EF cuts 
the right cone obliquely. The two flat pieces are, one at ADEI and 
the other at the corresponding position on the other side of the bath. 

With reference to the inverted half-plan, the curve from E' to F' 
should be obtained by dividing the quadrant E'G' into three equal 
parts and drawing radial lines from the plan apex X' through these 
points. Brop vertical lines from the points on E'G' to the line EG 
in the elevation below. From the apex X, draw lines through the 
points on EG to meet the line EF, From the points thus obtained 
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on EF, draw vertically upwards to meet the radial lines in c and d. 
A curve drawn through E',c,d,F' will give the plan on the edge EF, 



To develop the pattern on the oblique cone side, divide the quad- 
rant C'D' into three equal parts, as at C'ahD\ and, with the apex 
X' as centre, swing arcs to C'X', From these points drop vertical 
lines to CD, and from the points on CD draw lines to the apex X. 
Using X as centre, swing arcs into the pattern from the points on 
CD, and also from the corresponding points on AB, as shown in Fig. 
75. Now, on the right cone side, from the points on EF, project 
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horizontal lines to FO, the outside of the cone. Again, using X as 
centre, swing arcs into the pattern from the points on FG, and also 
from point H, It now remains to plot the pattern on the series of 
arcs. First, take the distances O'a, a6, hD\ from the plan, and, 
beginning at a convenient spot on the arc from C, as at C"', mark 
them off in the pattern, stepping over from one line to the next, 
as shown in the diagram. Next, take the distance D'E' from the plan 
and mark that off in the pattern, as from D" to E". The next step is 
to take the three equal divisions from the quadrant E'G' in the plan, 
and mark them off along the inner arc in the pattern, as from E" to 
G", Now join all these points, C'\a' yh\D'\E'\ . . . G", to the apex 
X, and in the case of those from E" to G" produce them outwards 
to meet the corresponding arcs from the side FG of the cone. A 
line now drawn through these points, from C" to F", will give the 
outside or top curve in the pattern. Similarly, a line drawn through 
the corresponding points from to H" on the inner set of arcs, as 
shown in the diagram, will give the bottom curve. The development 
up to this stage represents one half of the complete pattern. The 
other half is a reverse repetition on the other side of the line XF". 

TRUE LENGTHS OF THE OBLIQUE CONE 

One of the most important stages in the progress of pattern devel- 
oping is that which deals with the oblique cone cut by a plane not 
parallel to the base. In the case of the right cone aU the points on 
the cutting plane are transferred horizontally, or at right angles to 
the central axis, to the outside slant of the cone, but this cannot 
be done with the oblique cone. Bearing in mind the fact that true 
lengths only are required in the pattern, it is a simple matter to 
obtain these on the right cone, since any point on the cutting plane 
taken horizontally to the outside slant, on either side, thereby 
presents its true distance from the apex. On the oblique cone this 
would, on the one side, give a length too short and on the other side 
a length too long. 

The method of obtaining true lengths on the oblique cone is shown 
at (a). Fig. 76. A half-plan of the cone with the apex at A is attached 
direct to the base of the elevation. The line AB in the plan lies on 
the surface of the cone from the middle point of the semicircle to 
the apex. This line in the elevation is at A'B', and for convenience 
will be called the elevation line of AB. To obtain the true length 
LINE of AB, the PLAN LINE is swuB^ round from the apex A to the 
base line, which thus places it at right angles to the vertical height 
of A' A. The diagonal A is therefore the true length line* In the 
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elevation, MN represents a cutting plane through the cone which 
makes an acute angle with the base. The elevation hne A'B' crosses 
the cutting plane at C\ Now, the point C", when located on the true 



length line, should be exactly the same vertical height from the b|ise. 
Therefore, a horizontal line drawn from C' on the elevation line to 
C" on the true length line will give the true distance of that point 
from the apex A\ 

Alternatively, if the plan point C were swung round to the base 
line, and then taken vertically upwards to the true length line, the 
same point, C", would be located. This method sometimes forms a 
convenient alternative to that of transferring C' horizontally to 
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but for most case# the latter method has many advantages, and will 
be used in this course as occasion arises. 

The two diagrams at (6) and (c), Fig. 76, show a right cone and an 
oblique cone treated for true lengths from the apex to a cutting 
plane. In principle these two methods, although apparently different, 
are precisely the same. For instance, to obtain the elevation lines 
in the oblique cone, the division points on the semicircle are drawn 
vertically upwards to the base line, and then from the base line to 
the apex. To obtain the elevation lines on the right cone the process 
is exactly the same. Again, to obtain the true length lines on the 
oblique cone, the division points on the semicircle are swung round 
to the base line, using the plan apex A as centre, and then from the 
points on the base line the true length lines are drawn to the apex 
A\ In the case of the right cone, it will be observed that if the plan 
apex A be used as the centre for swinging round the division points 
on the semicircle, all of them will coincide with the outside point of 
the base. This means that the outside slant of the cone is the true 
length line for all the elevation lines. Hence the reason for trans- 
ferring all the points on the cutting plane to the outside slant of the 
cone. If these principles be well digested, there should be no difficulty 
in following the developments of right or oblique conic frustums. 

HOOD FOR BOILING KETTLE 

Fig. 77 shows the method of developing the pattern for an oblique 
conical hood for a boiling kettle. These hoods are usually connected, 
from the pipe at the top, to a steam extraction system, which draws 
off the steam from the kettles. The slant of the hood depends largely 
on given conditions, but for ordinary purposes the example at (c). 
Fig. 77, with the vertical back, forms a good standard type. The 
method of development for this example is precisely the same as 
that given at (a), although the pattern would be a little 
different in shape. 

In the example at (a) a half-plan is attached direct to the base for 
convenience of development. The plan of the apex falls at A on the 
base line inside the semicircle. To develop the pattern, divide the 
semicircle into six equal parts and number the points from 1 to 7. 
Next, from these points draw lines vertically upwards to the base 
line, and then from the points on the base line draw lines to the apex 
A' in the elevation. The lines drawn thus to the apex are the eleva- 
tion lines. The next step is to determine the corresponding true length 
lines in the elevation. To do this, place the point of the compasses 
at in the plan, and swing each of the division points on the 
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semicircle round to the base line, and from these new points on the 
base line draw lines to the apex A'. The lines drawn thus to the 



Fiq.rr. 


apex from the points swung round to the base are the true length lines. 
Now, with A' as centre, swing out the true lengths from the base 
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line into the pattern. Take one of the divisions from the semicircle, 
as 1 to 2, or 2 to 3, and, beginning at a convenient point on the out- 
side arc from point 1, mark off the distances r,2',3',4',5',6',7', step- 
ping over from one line to the next. A curve drawn through these 
points will give the base curve in the pattern for half of the full 
cone. From the points l',2',3',4',5',6^7', draw radial lines to the 
apex A'. To obtain the top curve, swing arcs into the pattern from 
the points where the true length lines in the elevation cross the top 
edge JR'S'. Where these arcs cross the radial lines, points will occm 
through which to draw the top curve, as shown in the diagram at 
Fig. 77. This should complete a half-pattern for the full frustum. 

It still remains to determine the shape of the curve M''N". Cross- 
ing the curved edge M'N' in the elevation are two sets of lines, the 
elevation lines, shown in full, and the true length lines, shown in 
chain dotted. To determine the true lengths for the pattern, the 
crossing points a,b^c,d on the elevation hues should be transferred 
horizontally to the corresponding true length lines. For example, 
taking point 5 on the semicircle in the plan, the elevation line from 
that point crosses M'N' at a point a. A horizontal line from point a 
meets the corresponding true length line at point a'. Similarly, a 
horizontal line from the elevation line crossing at point h meets the 
corresponding true length at point b'. It will be observed that the 
true length line from point 4 in the plan coincides with the elevation 
line from point 3. This is due to the position of the apex A in this 
particular problem. Other positions would cause them to separate. 
Now, with the apex A' as centre swing arcs from a' ^b' ,c' ,d' ^M' into 
the pattern to cut the radial lines in points a" ,b" .c" ,d" ,M" . The 
remaining point N" on the base curve may be located by taking the 
plan distance 5N and marking this off along the base curve in the 
pattern. A curve now drawn from M" to N" will give the required 
shape of the curved edge. The full pattern is symmetrical about the 
line S",l\ The complete form may therefore be obtained by repeat- 
ing, or transferring all the points to corresponding positions on the 
opposite side of the line S"7'. 

The two examples shown below in Fig. 77, are given as additional 
exercises. Although the principles of development for these are 
exactly the same, there are numerous details of difference in form 
which should furnish interesting variety for practice. 

AN OBLIQUE CONICAL HOPPER 

The problem in Fig. 78 is a development of an oblique conical 
feed hopper fitting on a cylindrical screw casing. The cone in this 




96 THE OEOMETEV OF SHEET JUBTAL WOBK 

case is inverted, and the apex A' falls, upwards, on the point A at 
one end of the base line. 

To develop the pattern, describe a semicircle on the base line, 
and divide it into the usual six equal parts, numbering them accord- 
ingly, as at 1,2, 3, 4, 5, 6, 7. For the elevation lines on the cone, drop 
perpendiculars from the points on the semicircle to the base line, 
and then from the points on the base line draw lines to the apex A\ 
To obtain the true length lines on the cone, with A as centre, swing 
arcs from the points on the semicircle to the base line, and from these 
points on the base line draw the true length lines to the apex A\ 
Now, with centre A', swing the true length lines from the base line 
into the pattern. Next, take one of the divisions from the semicircle, 
as 1,2 or 2,3, and, beginning at a convenient spot on the inside arc 
from point 1, mark off l',2',3',4',5',6',7', to the outside arc, stepping 
over from one line to the next. Repeat in reverse order to 1". A 
curve drawn through these points will give the base curve in the 
pattern. From the points r,2',3',4',5',6',7', . . . 1", draw radial 
lines to the apex A'. 

To determine the shape of the curved edge MN in the pattern, 
the crossing points of the elevation lines a,b,c,d,e should first be 
transferred horizontally to the corresponding true length lines, as 
at a\h\c',d\e\ and then, with A' as centre, swing arcs from these 
points into the pattern, including M and N, to cut the radial lines 
in M\a",b'',c",d",e",N'. Repeat these intersections in the reverse 
order to M". A curve now drawn from ilf ' to N' and on to AT" will 
give the form of the curved edge MN in the pattern. When the 
outside edge of the cone, 7 A', forms a tangent to the arc MN in the 
elevation, the exact position of the point N may be determined by 
drawing a line through the centre 0 at right angles to the tangent 
lA'. The point of intersection is the required point" N. 

The two examples shown at (6) and (c), Fig. 78, are given as addi- 
tional exercises. It will be observed that the apex in the one case 
falls outside the base, and in the other case inside the base. 
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THE PARALLEL LINE METHOD 


It will be remembered that the problems of pipe intersection in the 
First Course were those between pipes of equal diameter. Those 
intersections presented straight lines in the elevation, as shown at 
(a), Fig. 79. An intersection between pipes of unequal diameters 



UnfiQual diameter bii^; 
Curv/ed line of 
Irtfenection. 




Fio^ . 79 . (It>) 

invariably presents a curved line in the elevation, as at (6), Fig. 79. 
In most cases this line of intersection must be determined in order 
to develop the pattern for the branch. 

RIGHT-ANGLED TEE OF UNEQUAL DIAMETER PIPES 

The example shown in Fig. 80 is of a right-angled tee of unequal 
diameter pipes. To develop the pattern, describe semicircles on the 
bases of the front and end elevations, and divide each of them into 
six equal parts, and number them accordingly, as in the front eleva- 
tion, from 1 to 7. It will be observed that the outside point numbered 
1 in the front elevation becomes the middle point in the end eleva- 
tion. Prom these points on the semicircles draw lines perpendicular 
to the bases and produce them to cut the major pipe above. From 
the points where they cut the circle of the major pipe, from D to H, 
in the end elevation, project lines horizontally to meet the corre- 
spohding perpendicular lines in the front elevation. A curve drawn 
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through the meeting points, as from A to B to (7, will give the line 
of intersection. 

To ‘‘unroir’ the pattern, project the base line horizontally, and 
mark off twelve spaces, as from 1' to 1", equal to those round the 
semicircles. Next project the points on the major pipe circle from 
D to B horizontally into the pattern. From the points l',2',3',4',5'. 



6', 7', . . . 1", on the base line in the pattern, erect perpendicular 
lines to meet those projected horizontally from the major pipe circle. 
A curve drawn through these points, A\B\C\D\A'\ will give the 
contour of the intersection line in the pattern. 

For the contour of the hole in the major pipe, produce the per- 
pendicular lines in the front elevation, as shown in the diagram 
above the major pipe. Take the divisions round the curve from D to 
B in the end elevation, and mark them off along the centreline above 
the front elevation. Through the points thus marked, draw horizon- 
tal lines to cut the perpendicular lines from the base. A curve drawn 
through the points of intersection will give the contour of the hole. 
In this case the hole is slightly elliptical. 

OBUQUE TEE, OFF-CENTRE 

The problem shown in Fig. 81 is that of a branch tee, or “stump,” 
at an acute angle to the main pipe. This is a popular method of 
branching, although, more often than not, the branch is on centre 
with the main pipe instead of at the maximum off-centre position 
as shown in the diagram. However, the method of development is 
the same in both cases, although the patterns differ in shape. 
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To set out the front and end elevations, first, from any point 
on the centreline of the major pipe, set off the centre line O'c of the 
minor pipe to the required angle. On either side of these centrelines 
draw lines to the required diameters of the pipes. Mark off the end 



1,7 of the branch pipe at right angles to its centreline. Describe 
a semicircle on the end of the branch piece, and divide it into six 
equal parts. Number the points from 1 to 7, and project perpendicu- 
lar lines from these points to the end, or base, of the branch piece. 
Letter these points a,b,c,d,e. In the end elevation draw the circle 
of the major pipe, and locate the centreline of the minor pipe. Next, 
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to obtain the elliptical end of the branch in the end elevation, project 
horizontal lines from the points l,a,6,c,d,e,7, to cut the centreline 
of the branch in the end elevation. Now, from the semicircle in the 
front elevation, take each of the perpendicular distances a,2 ; 6,3 ; 
c,4 ; d,5 ; e,6 ; and mark them off on the corresponding lines on either 
side of the centreline 1,7, in the end elevation. Through the points 
thus marked, draw in the ellipse. Next, draw vertical hnes from the 
points on the ellipse to cut the circle of the major pipe above, as at 
A,B,C,D,E,F,G, Now, from these points on the major pipe circle, 
draw horizontal lines back to the front elevation to meet another 
set of lines drawn from the points a,6,c,d,e, parallel to the central 
axis cG' of the branch piece. The points of intersection, through 
which the line of intersection is drawn, are shown in the front eleva- 
tion at A\B',C\D\E\F\G',F\E'\D'\C'\B\A\ It will be observed 
that points B' and B" are on the same horizontal line projected from 
point B in the end elevation. Sinxilar conditions hold good for points 
C:,C" ; D\D" ; E',E" ; and F\F", 

To “unroll’’ the pattern, extend the base line from the end of the 
branch, and mark off twelve divisions, as shown at r,2',3',4',5',6',7', 

. . . r', equal to those round the semicircle. Prom these points 
draw lines at right angles to the base line. Next, from the points 
round the line of intersection, draw lines parallel to the base line 
to meet those at right angles. Now, assuming that the seam is to be 
on the shortest side from 1 to D", plot the joint curve in the pattern, 
beginning at D", and following each point successively round the 
intersection line, as shown in the illustration. It will be seen that 
each point on the joint curve in the pattern is assigned the same 
letter as the corresponding point on the line of intersection. The 
complete pattern may now be outlined as in the diagram in Fig. 81. 
The contour of the hole may be “unrolled” at right‘'angles to the 
centreline of the major pipe. A base line should be erected at 
any convenient point, as, in this case, from the end of the portion 
shown. On the base line, mark off distances equal to those on 
the major circle in the end elevation. Thus, each of the distances 
AB, BC, CD, DE, EF, FG are spaced along the base line above 
the front elevation. From these points draw horizontal lines. Next, 
from the points round the line of intersection, erect vertical lines 
to meet the corresponding horizontals from the base line. Thus, 
the horizontal line from point B intersects the vertical lines from 
points B' and B'\ Similar conditions hold for the other lines from 
G,D,E and F, The intersecting points obtained in this way should 
be sufficient to enable the contour of the hole to be drawn in. 
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RIGHT-ANGLED TEE, OFF-CENTRE 

The problem in Fig. 82 is similar to the previous one, except that 
in the end view the minor pipe has a maximum off-centre position. 
Nevertheless, the method of development is precisely the same, 
and if the directions for the problem shown in Fig. 80 are carefully 
followed and applied to this one, there should be no difficulty in 



setting out the pattern for the off-centre pipe and the contour of the 
hole in the major pipe. 

AUXILIARY PROJECTION 

It often happens that drawings or blue prints, issued for the 
making of a system of pipe work, contain branch pieces of the type 
shown in Fig. 84, In most working drawings, only the plan and 
elevation are given, although, in some cases, end or side elevations 
are also included. Nevertheless, in cases like that of the branch 
piece shown in Fig. 84, to obtain the true line of intersection between 
the main pipe and the branch, yet another view is needed. In the 
example already given in Fig. 81, it will be seen that the line of 
intersection is obtained in conjunction with the end elevation. 
The end elevation is a view looking in the direction of the central 
axis of the main pipe, which thus becomes a plain circle. Lines on the 
branch piece intersecting this circle afford points which can easily 
be transferred to the corresponding lines in the front elevation. In 
the case of a plan and elevation as shown in Fig. 84, no such simple 
process is possible. In order to obtain the line of intersection a 
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'projected view in the direction of the central axis of the main pipe 
is required. 

The ordinary method of representing a plan and elevation is 
termed orthographic projection. The plan is a view of the object 
seen from above, looking vertically down on it, and the front eleva- 
tion is a view looking horizontally at the front. It is sometimes 




necessary to project other views in order to obtain ©ertain essential 
conditions for development. In Fig. 83, the central figure is an ele- 
vation of a cylinder cut off at 45 degrees. The circle below it is a plan 
of the cylinder, and the diagrams on either side of the central figure 
are side elevations, each as viewed from the opposite side to that on 
which it appears. The two diagonal views at A and B are auxiliary 
projections which represent the cylinder as it would be seen when 
viewed in the directions of the arrows. There is nothing special 
about an auxiliary projection other than the fact it is projected at 
an angle which is neither horizontal nor vertical. An auxiliary pro- 
jection may be taken at any angle to suit requirements. 

The principles governing the setting out of the projected view are 
precisely the same as for the ordinary side elevation, since the 
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projectors are all parallel and in the direction of the angle of projec- 
tion. This may be seen perhaps more clearly if the diagram shown 
in Fig, 83 be rotated about the central figure so that the view 
projected at A occupies the horizontal position. It may then be 



regarded as an ordinary side elevation, and the other projected 
view at which is at right angles to that at A, becomes the plan. 

In order to determine the line of intersection between the main 
pipe and the branch piece shown in Fig. 84, the auxiliary projection 
must first be obtained in the direction of the central axis of the main 
pipe. This is shown in Fig. 85, wherein the elevation and plan of the 
joint members only are given, together with the projection. The 
object of projecting in the direction of the central axis of the main 
pipe is to obtain that member as a plain circle, when the lines of the 
branch piece intersecting that circle may be readily transferred back 
to the plan view to obtain the joint line. It will be observed that this 
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problem, when the projected view is obtained, is precisely the same 
as that given in Fig. 81. The patterns may therefore be developed 
by following the directions given in that example. 



In every problem involving pipe intersection it is necessary, in 
order to develop the pattern, to obtain a view wherein both of the 
intersecting pipes lie in a horizontal plane. That is, the axis of each 
pipe must lie in the plane of the paper, or the sheet. Thus, in the 
plan view of Fig. 85, both the main pipe and the branch lie flat on 
the paper, so to speak, whereas in the elevation the main pipe is 
inclined to the plane of the paper at an angle of 30 degrees. 

Many examples in practice, as usually given in the ordinary plan 
and elevation of a working drawing, prove to be awkward problems 
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of development. Very often the intersection line is shown only as 
an approximation, and it is left to the craftsman to work out the 
development accurately to meet the requirements laid down in the 
drawing. Although the problem itself, as in this case, may be an easy 



type of intersection when placed in its most convenient position, 
the mere shifting of one of the axes through a small angle may turn 
it into a complex geometrical puzzle. Nevertheless, provided that 
certain methods of solution are applied with a clear understanding, 
a good deal of time will be saved which might easily be, and often is, 
wasted by the application of xmwise rule-of-thumb tactics. 

The example shown in Fig. 86 represents, in the elevation, a main 
pipe dipping at an angle of 30 degrees, while the axis of the branch 
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pipe is horizontal. In the plan, however, the branch pipe is shown 
entering the main at an angle of 45 degrees. It will be seen, there- 
fore, that neither the plan nor the elevation give the required condi- 
tions for development. In order to obtain a view in which both pipes 
lie in the plane of the paper, a double projection will be necessary. 
The first projection should be in the direction of the central axis of 
the main pipe, which will present that pipe as a plain circle. The 
second projection should be at right angles to the centreline of the 
branch pipe in the first projection, as shown in Fig. 86. Thus, the 
second projection will be the view required, and the true line of 
intersection may be determined in conjunction with the first pro- 
jection. The development of the pattern may then be obtained as 
in the previous examples. 

This principle of double projection is one which has important 
application in the more advanced problems, and will be discussed 
in closer detail at a later stage m the course. At the moment, how- 
ever, it serves to show how, in many cases, a simple problem may 
become difficult by the mere presentation of the conditions in the 
plan and elevation. 

OBLIQUE CYLINDRICAL HOPPERS 

The examples shown in Fig. 87 are sometimes called shoe-shaped 
funnels. They may also form hoppers to serve special cases. It will 
be seen that in each of the figures at (a), (6), (c), and (d) the base is 
a circle, while the top is composed of two semicircles of the same 
diameter with a straight side between them. The bodies are thus 
composed of two half-cylinders, of which one or both must be oblique 
with a flat triangle between them. The example at (a) is made up 
of one half of a right cylinder at and one half of an 

oblique cylinder at D\E\F\Q', with flat triangles," as at C\D\E\ 
between them. 

To develop the pattern, divide the circle in the plan into six 
equal parts, and project the points vertically upwards to the base 
G\D\A\ From the points on the half-base O'D' draw lines parallel 
to the side O'F' to cut the top between C' and B\ Assuming now 
that the seam is to be made along A\B\ begin by “unrolling” the 
portion of the right cylinder A',B\C\D\ as shown at A'\B",C"tD", 
making the divisions from .4^ to D" equal to those in the plan circle 
from A to D, Next add the triangle C'',D",E'% making it equal to 
the triangle C\D\E' in the elevation, but reversed in position. Now, 
from the points on the half-base 0\D\ draw lines to intersect 
D\E' at right angles to it. From the points obtained on D\E\ 
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draw lines horizontally to cut D"yE" in the pattern. From the points 
where these lines cut D'\E", project lines at right angles to 1)",E", 
as shown in the figure at (a). Next take one of the divisions between 
A" and D", and continue the spacing on the lines projected from 
D",E", by stepping over from one line to the next, as from D" to O", 



From the points from to O'" draw lines parallel to and cut 

them off equal in length to D",E", Curves now drawn from D" to 
O'" and E" to F" will complete half the pattern. The other half is a 
duplicate in reverse order on the other side of the line O^yF", The 
pattern shown at (b) is for the same model, but in this case the seam 
is on the opposite side, from G' to F\ The smaller examples at (c) 
and (d) are typical variations of the same problem, and should serve 
as useful examples for practice. 

DOWNSPOUT HEADS 

Downspout heads form excellent examples of moulding sections, 
and usually offer a fair degree of scox>e for individual design. Fig, 88 
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shows the plan and elevation of a simple type of head in five segments, 
three of which are equal parts of an octagonal construction. 

To develop the pattern, one segment must first be arranged in 
plan so that the centreline is horizontal, as shown at CL, The true 



shape of this segment is then given by the form of the outside line 
in the elevation. This line should be divided into any number of 
convenient parts, as in this case from 1 to 12 in the diagram. The 
actual length of this line is the full length of the centreline CL, The 
pattern may be projected from any of the segments in the plan, as 
in this case from the one above the central segment. The length of 
the centreline C'U is the same as that of CL, From each of the 
points on the outside line in the elevation drop vertical lines to the 





THE PARALLEL LINE METHOD 


109 


joint line between the central segment and the one above. Project 
the points obtained on this joint line across to similar positions 
on the other side of the segment C^L\ For the development of this 
segment project the centreline C'U into the pattern, and, beginning 
at any convenient point, mark off the distances l',2',3' . . . 11', 
12',9', equal to those on the outside line in the elevation. Through 
these points in the pattern draw lines at right angles to the projected 
centreline. Now, from each of the points on the two joint lines on 
either side of C'U in the plan, project lines into the pattern parallel 
to the centreline. Where these cut the corresponding cross lines at 
right angles, points will be obtained through which to draw the 
contours of the two opposite edges of the pattern. Cross lines at the 
top and bottom between these edges will then complete the pattern. 

The pattern for the end segment, in the plan may be 

obtained by marking off the distance AB m the pattern as shown 
at A'B'y and then drawing the straight line B'G' parallel to the centre 
line. Then the pattern for the end segment will be contained between 
the contour A'D' and the straight line B'C'. 

The perspective sketch represents another typical design for a 
downspout head. 


ROOF FINIALS 

Roof finials also form a good series of examples of moulding 
sections and offer a wide scope for design. 

The example shown in Fig. 89 is one of octagonal section, of which 
a half-plan is shown below the elevation. The line CL represents 
the centreline of the half- segment CAL, To develop the pattern, 
divide the contour of the outside line into any number of convenient 
parts, as in this case from 1 to 28, and space those distances along 
the centreline in the pattern. Through these points draw cross lines 
at right angles to the centreline. Next drop vertical lines from the 
points on the outside contour line in the elevation to cross the line 
CL and meet the joint line CA in the plan. Then take the distances 
between the lines CL and CA, and mark these off on both sides of 
the centreline in the pattern on the corresponding cross lines. Points 
should thus be obtained on the cross lines through which to draw 
in the contours of the opposite edges of the pattern. 

PROBLEMS OF THE COMMON CENTRAL SPHERE 

Problems of the common central sphere belong to a special class of 
intersections in which an imaginary sphere is the central form 
around which two, three, or more cones or cylinders meet or intersect 
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The essential condition is that the intersecting bodies should be 
so arranged that their surfaces, if produced, would encircle the 
sphere. The illustration at (d), Fig. 90, represents a revolving cowl 
for a chimney or fume pipe. It is a combination of a right cone and 



a cylinder. The developments are shown in the central figure at (a), 
and it will be seen that the sides of the cylinder just touch, or are 
tangential to, the central sphere. The sides of the cone also just 
touch the central sphere. The important point by these conditions 
is that the line of intersection in the elevation becomes a straight 
line, as firom A to B. The smaller illustration at (6) shows a right 
cone intersected by two cylinders, and it will be observed that the 
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sides of the cone and also the sides of the cylinders form tangents 
to the central sphere. The intersecting lines are therefore repre- 
sented as straight lines. Similar conditions hold good for the example 
at (c), which represents a right cone intersected by another right 
cone in such a way that the sides of both cones form tangents to the 
common central sphere. The intersection line thus becomes straight. 

The methods of developing the patterns for the cowl in the central 
figure at {a) have already been dealt with. The conical portion is 
similar to the examples given in Figs. 7 and 9, and the cylindrical 
part is the same as that shown in Fig. 22. 

The smaller figures at (h) and (c) are given as additional exercises. 



Chapter 7 
TRIANGULATION 

ADAPTABILITY OP TRIANGULATION 

Most of the problems of pattern-drafting fall to the method of 
triangulation for solution. Of the three methods by which all patterns 
may be developed triangulation is by far the most adaptable. The 
Radial Line method and the Parallel Line method can only be used 
on their own particular class of problem, but the method of triangu- 
lation is serviceable, not only on those problems which cannot be 
solved by other means, but also on those which rightly belong to 
the other two classes. For instance, many examples of work which 
are formed of cones, either right or obhque, may be more 
conveniently developed by the method of triangulation if the 
distance from the apex to the base -involves radii of unusual 
length. Nevertheless, this convenience should not detract from 
the use of the Radial Line or the Parallel Line method, since 
any pattern drafted by either of these methods is likely to be 
more accurate than the alternative development by triangulation. 

The method of triangulation is a process of building up the pattern 
piece by piece in the form of triangles. The principles were fully 
explained in the First Course, but it may be well to repeat here that 
the true size of each triangle is found by obtaining the true 
length of each side, and marking it off in its relative position 
in the pattern. The true length of any line may be found by 
taking its length from the plan — called its plan length — and 
placing it at right angles to its vertical height obtained from 
the elevation. The diagonal between the free ends will then 
give the true length of the line. It is important to observe that, 
although the plan length is the actual length taken from the 
plan, the vertical height is not necessarily the actual length repre- 
sented in the elevation. For example, in Fig. 92, the line 3',6' in 
the elevation is leaning at an angle to the horizontal. Its vertical 
height is not the distance between 3' and 6', but the vertical depth 
from the top point 6' to the horizontal plane of its base, as from 6' 
to B on the vertical height line. 

The problems of triangulation dealt with in the First Course were 
of such objects as lay between two parallel or horizontal planes. This 
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condition premised that all the vertical heights in any one problem 
should be the same, which somewhat simplified the work, since only 
one vertical height was needed. In this Second Course, the objects 
dealt with will lie between planes inclined at an angle to each other, 

which will involve at least two, 



and sometimes many, different 
vertical heights. A little more 
care will be needed in following 
up the solution, but once the idea 
is fully grasped and the principles 
understood, there should be no 
difficulty in solving any problem 
of this kind. 

The illustration at (a), Fig. 91, 
shows a square-to-circle trans- 
former occupying the position 
normally taken by the other two 
segments of the full right-angled 



bend. A combination of this kind 
is often required on the square 
or rectangular outlet of a fan. 
The illustration at (6), Fig. 91, 
shows a receiving hopper for saw- 
dust or refuse which is delivered 
to the duct below and is drawn 
from there by a fan to be col- 
lected in a cyclone separator. 
These are representative of only 
a few applications of this type of 


transformer. 


RECTANGLE-TO-dRCLE TRANSFORMER WITH CIRCLE 

INCLINED 

The example shown in Fig. 92 has a rectangular base and a circular 
top inclined at an angle to the base. The circular hole at the top 
becomes an ellipse in the plan. To obtain this ellipse, describe a 
semicircle on the top line 2', 10', in the elevation, and divide it into 
six equal parts. Number the points 2',4',5',6',8',9',10', and project 
them perpendicularly back to the line 2', 10'. Number these points 
also 2',4',5',6',8',9',10'. From the latter points on the line 2', 10' 
drop verticals into the plan to cut through the centreline 2,10. On 
either side of the centreline 2,10 in the plan, mark off distances 
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Only half of the plan is numbered, as the other half is similar and 
symmetrical about the horizontal centreline 1,11. Next, erect a 
vertical height line BT from the base produced, and project all the 
points on the top edge 2', 10', horizontally to the vertical height line. 

Now, to develop the pattern, take the plan length from 1 to 2, 
and mark this distance off along the base line from the bottom point 
of the vertical height line B, The diagonal from the point marked 
off on the base line to the point on the vertical height line corre- 
sponding to point 2' from the elevation will give the true length. 
Take this true length and mark it off in any convenient position, as 
at 1^,2", in the pattern. Next take the plan length from 2 to 3 and 
mark this off along the base line at right angles to the vertical height. 
Take the true length diagonal, and from point 2" in the pattern 
swung off an arc through point 3". Next take the distance 1,3 direct 
from the plan and from the point 1" in the pattern describe an arc 
cutting the previous arc in 3". Lines joining these three points 
should complete the first triangle. It is important to note that the 
distance 1,3 in the plan is a horizontal line and has no vertical height. 
It is therefore already a true length and does not need triangulating 
against the vertical height line. For the next triangle take the plan 
length 3,4, and mark it off along the base line at right angles to the 
vertical height. Take the true length diagonal, this time being care- 
ful to observe that the point on the vertical height line corresponds 
to point 4' in the elevation. From point 3" in the pattern swing off 
an arc through point 4". Now, since the next distance 2", 4" in the 
pattern must be the true distance between those points, that length 
is not obtained from the ellipse in the plan, because those spacings 
are somewhat foreshortened. The required true distances for the 
spacings around the circular top should be taken from the semicircle 
on 2',10' in the elevation. Thus, take the distance 2', 4' fr5m the semi- 
circle and from point 2" in the pattern describe an arc cutting the 
previous arc in 4". Join 2", 4" and 3",4". This should complete the 
second triangle. For the third triangle take the plan length 3,5 and 
triangulate it against the vertical height, being careful that the 
vertical height taken corresponds to the point 5' in the elevation. 
Take the true length diagonal and from point 3" in the pattern swing 
off an arc io cut the point 5". From the semicircle in the elevation 
take the distance 4',5', and from point 4" in the pattern describe 
an arc cutting the previous arc in point 5". For the fourth triangle 
repeat this process with plan length 3,6 and the distance 5', 6' from 
the semicircle. For the fifth triangle, repeat with the plan length 6,7, 
and also the true plan length 3,7, but note in this case that the 
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triangle is reversed in position. The remainder of the pattern should 
be straightforward and easy to follow from this point, since the 
process is the same to the end. The other half of the pattern on the 
other side of the centreline 1",2" is a repetition in the reverse order. 

The smaller examples at (6) and (c) are given as additional 
exercises. 

REOTANOLE-TO-dRCLE TRANSFORMER WITH 
RECnANGLE INCLINED 

In the previous example the circular top was inclined at an angle 
to the horizontal base. In this problem, Fig. 93, the top is horizontal, 
while the base is inclined at an angle of about 40 degrees. These two 
examples may be regarded as typical of a class in which there are 
many minor variations, but the method of development is precisely 
the same. 

The chief difference in these two problems lies in the vertical 
heights. It will be observed that in the previous example seven 
different vertical heights are encountered as the points taken occur 
down the slope of the top edge, but in this problem only two vertical 
heights are needed which correspond to the positions of the ends of 
the inclined base. 

To develop the pattern, divide the circle in the plan into the usual 
twelve equal parts, and, assuming that the seam is to be on the 
middle of the short side, as from 10 to 11, number the points in the 
order shown in the figure. Erect a vertical height line BTy and pro- 
ject horizontal lines from the two ends of the base to serve as base 
lines for the plan lengths. 

For the first triangle, take the plan length 1,2, and mark it off 
along the bottom base line from the point B, Take the true length 
diagonal to the top point T, and mark it off in any convenient posi- 
tion, as at r,2' in the pattern. Next take the plan length, 2,3 and 
triangulate it against the vertical height. Take the true length diag- 
onal and from point 2' in the pattern swing off an arc through the 
point 3'. Now take the true length 1,3 direct from the plan, and 
from point 1' in the pattern describe an arc cutting the previous arc 
in point 3'. For the second triangle, take the plan length 3,4, and 
triangulate it against the vertical height. Take the true length diag- 
onal and from point 3' in the pattern swing off an arc through the 
point 4'. The true distance between 2 and 4 may, in this case, be 
obtained direct from the plan. Therefore, take the true length 2,4 
from the plan, and from point 2' in the pattern describe an arc 
cutting the previous arc in point 4'. The remainder of the pattern 
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should be easily followed from this point, since the process of develop- 
ment is the same throughout, and the directions merely a repetition 


T 



of terms. Nevertheless, a word of caution may be needed when the 
fifth triangle is arrived at ; the true distance 3', 7' in the pattern is 
not obtained in this case from the plan, but from the elevation. Thus, 
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the distance from 3" to 7" is the true length required. It is also 
important to observe that those plan lengths which terminate on 
the higher side of the rectangle at points 7 and 11 should be marked 
off along the corresponding top base line at right angles to the short 
vertical height C,l\ 

The two smaller figures at (b) and (c) are given as additional exam- 
ples for practice. In the case of that shown at (h) it wall be seen that 
the circular top is off-centre both ways, and is not symmetrical about 
any axis. Therefore, the whole of the pattern has to be developed. 
The example at (c) is symmetrical about the horizontal centreline 
in the plan. 

PROJECTED VIEWS 

The fact that working drawings often contain problems of develop- 
ment presented in the most aw'kward manner is a circumstance 



with which many sheet metal workers are familiar. It has already 
been shown in a previous chapter that the plan and elevation of an 
object, seen as it would be in position at erection, do not always form 

5 — (T.iSq) 
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the best views for developing the pattern. The principles of auxiliary 
projection may often help the craftsman to simplify the work of 
development, and the skill of the pattern -drafter is revealed in the 
method he adopts in tackling these problems. 

Although the tallboy transformers dealt with in the two previous 
examples may be regarded as two separate types, each may be trans- 
formed into the other by means of an auxiliary projection. In 

Fig. 94, the plan and elevation 
at A represent the type in 
which the base is horizontal 
and the circle is inclined ; but 
if a projected view in the 
direction of the arrow P be 
taken, and the views turned so 
that this may be used as the 
plan, then the problem becomes 
one in which the circle is hori- 
zontal and the base inclined. 
xAlternatively, the plan and 
elevation shown at B represent 
the t3p)e in which the circular 
top is horizontal and the base 
inclined, but if a projected 
view in the direction of the 
arrow Q be taken, and the 
views turned so that this may 
be used as the plan, then the 
problem becomes one in which the base is horizontal and the circle 
inclined. 

The reversibility of these two problems by auxiliary projection is 
an important principle which should be well studied and fully 
grasped. 

An auxiliary projection will sometimes simplify the work of devel- 
oping the pattern. An example of this will be seen in Fig. 95, which 
represents a transformer connection from a vertical rectangular hole 
to the segment of a lobster-back bend. The plan and elevation are 
such as would be given in a working drawing, but if an attempt were 
made to develop the pattern from these two views, the process would 
be troublesome owing to the awkwardness of the vertical heights. 
Two alternative projections are shown, one in the dii’ection of the 
arrow A, and the other in the direction of the arrow B. The pro- 
jection Ay if used as a plan, presents the type with a horizontal base 
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and circle inclined. The projection B, if used as a plan, presents 
the alternative problem with circle horizontal and base inclined. 
This latter projection at B is the better for the purpose of develop- 
ment, and the pattern is shown developed in Fig. 96. 

TRANSFORMER CONNECTION TO LONG RECTANGULAR 

HOLE 

To develop the pattern for the transformer connection shown in 
Fig. 96, divide the circle in the plan into twelve equal parts, and 
join the points in each quadrant to the corresponding corner point 
on the rectangle. Assuming that the seam is to be on the middle of 
the short side, as from 1 to 2, number the points in accordance with 
the prescribed method, as shown in the plan. Erect a vertical height 
line B7\ and project the base lines from each end of the rectangle, 
as at B and C. For the first triangle, take the plan length 1,2, and 
mark this distance off along the top base line at right angles to the 
short vertical height CT. Next take the true length diagonal to the 
top point T, and mark it off in any convenient position, as at l',2^ 
in the pattern. Next take the plan length 2,3, and mark it off along 
the base line from C. Take the true length diagonal, and from point 
2' in the pattern swing off an arc through the point 3'. Now take the 
true length 1,3 direct from the plan, and from point 1' in the pattern 
describe an arc cutting the previous arc in point 3'. Join l',3' and 
2',3'. 

For the second triangle, take the plan length 3,4, and triangulate 
it against the vertical height. Take the true length diagonal and 
from point 3' in the pattern swing off an arc through point 4'. Take 
the true distance between 2 and 4 direct from the plan, and from 
point 2' in the pattern describe an arc cutting the previous arc in 
point 4'. Join 2', 4' and 3', 4'. This should complete the second 
triangle. For the third triangle, take the plan length 3,5, and trian- 
gulate it against the vertical height. Take the true length diagonal 
and from point 3' in the pattern swing off an arc through point 5'. 
Next take the true distance 4,5 direct from the plan, and from 
point 4' in the pattern describe an arc cutting the previous arc in 
point 5'. For the fourth triangle, repeat this process with plan 
lengths 3,6 and 5,6. For the fifth triangle, again repeat with plan 
lengths 3,7 and 6,7, but note in this case that the triangle is reversed 
in position, also that the true length 3', 7' should be obtained direct 
from the elevation, as from 3'' to 7", The remainder of the pattern 
should be easy to follow from this point, since the process of develop- 
ment is the same throughout. Nevertheless, it may be well here to 




TRIANGTJLATION 123 

note that the plan lengths from the corner points 7 and 11 should be 
triangulated against the full vertical height BT. 

TRANSFORMER SEGMENT 

The example shown in Fig. 97 represents one method of connecting 
a square and a circular hole at right angles to each other by means 
of the transformer segment in the middle. The square pipe, cut off 
at an angle, forms a rectangle at the base of the segment, and the 
circular pipe, cut off at an angle, forms an ellipse at the top of the 
segment. The size and shape of this ellipse may be obtained by 
describing a semicircle on the end of the circular pipe, and dividing 
it into six equal parts. Next project these back at right angles to 
the end of the circular pipe, and on to the top of the segment 2', 10'. 
From the points on the top edge of the segment, draw lines at right 
angles to it, and cut them off equal in length to the corresponding 
distances from the end of the pipe to the semicircle, thus affording 
the points 2',4',5',6',8',9',10', through which to draw in half of the 
ellipse. 

For the purpose of developing the pattern for the middle segment 
a projection will be advisable, either at right angles to the rectangular 
base or at right angles to the elliptical top. In the example given, 
the projection is at right angles to the base, and is used as a plan. 
The vertical height line BT is erected also at right angles to the base, 
and the plan lengths marked off along the base line, as shown in the 
figure. The problem is now one of the type in which the base is 
horizontal and the top inclined, the top in this case being an ellipse. 
The directions for developing the pattern are precisely the same as 
for the problem shown in Fig. 92, except that the true distances 
round the top edge in this case are the spacings round the semi- 
ellipse instead of a semicircle. It should be noted that these spacings 
are not all equal, as they are in the case of the semicircle. 

STOVE (JHIMNEY CONNECTION 

The outlets from gas and coke stoves often take the form of a 
rectangular stump with semicircular ends. These outlets are some- 
times connected to circular chimneys or flues. The connecting piece, 
usually of sheet metal, is a transformer from the one shape to the 
other. 

The problem shown in Fig. 98 is typical of a chimney connection 
from the stove in the cabin of a canal boat. The outlet stump as a 
rule is on the top of the stove, and the chimney, usually a short one, 
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passes up through the roof or out through the side of the cabin. The 
latter case is represented in Fig. 98, in which the short, almost hori- 
zontal piece at the top of the transformer is the end of the cylindrical 
chimney pipe inside the cabin. 

The joint line 2,14 in the elevation is obtained by bisecting the 



angle between the centrelines of the cylindrical pipe and the trans- 
forming piece. Since this cuts the cylindrical pipe at an angle, the 
actual shape at the joint is an ellipse. To obtain the true shape of 
this ellipse, describe a semicircle on the cross-section at AB, divide 
it into six equal parts, and from the points on the semicircle project 
lines perpendicularly back to AB and on to the joint line. From the 
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points thus obtained on the joint line, draw hnes at right angles to 
it and cut them off equal in length to the corresponding distances 
between the line AB and the semicircle. Points should thus be 
afforded through which to draw in the half-ellipse as shown above 
the joint line 2,14. The plan, omitting the cylindrical pipe, is that 
of the transforming piece only. The elliptical joint line also forms 
an ellipse in the plan, and is obtained by dropping vertical lines from 
the joint line 2,14 in the elevation to cut the centreline 2,14 in the 
plan and marking off distances above and below the centreline 
equal to those between the line AB and the semicircle. 

In preparing to develop the pattern, divide half of the plan into 
triangles as shown in the diagram, be ginning at the seam 1,2 on the 
shorter side of the transformer, and number the points in accordance 
with the prescribed method. It will be observed that the consecutive 
numbers pass alternatively from bottom to top and top to bottom, 
thus forming the zigzag line, which is best seen in the pattern. It 
will be advisable also to number the points 2,4,6,8,10,12,14 along the 
joint line in the elevation to correspond with those points on the 
ellipse in the plan. Next, erect a vertical height line BT and project 
all the points 2,4,6,8,10,12,14 horizontally to it. 

For the first triangle in the pattern, tcake the plan length 1,2, 
and mark it off along the base line from point B. Take the true 
length diagonal up to the point on the vertical height line level with 
2 on the joint line. With this distance in the compasses mark off the 
line l',2' in any convenient position in the pattern. Next take the 
plan length 2,3, and mark it off from B along the base line. Take the 
true length diagonal, again up to the point level with 2, and from 
point 2' in the pattern, swing off an arc through point 3'. Now take 
the true length 1,3 direct from the plan, and from4)oint 1' in the 
pattern describe an arc cutting the previous arc in point 3'. Join 
l',3' and 2',3'. For the second triangle take the plan length 3,4 and 
mark it off from B along the base line. Take the true length diagonal, 
this time up to the point on the vertical height line level with 4 on 
the joint line. From point 3' in the pattern swing off an arc through 
point 4'. Now, to complete this second triangle, the distance 2',4' 
in the pattern should be obtained from the divisions on the ellipse 
above the joint line, since those distances are the true spacings 
required. Take the distance 2,4 from the ellipse, and from point 2' 
in the pattern, describe an arc cutting the previous arc in point 4'. 
For the third triangle, take the plan length 4,5, and triangulate 
it against the vertical height. Take the true length diagonal 
up to the point level with 4, and from point 4' in the pattern 
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swing off an arc through point 5'. Next take the true distance 3,5 
direct from the plan, and from point 3' in the pattern describe an 
arc cutting the previous arc in point 5'. 

The remainder of the pattern should be easily followed from this 
point by carefully picking out the correct plan lengths and true 
distances. It may be well to observe before passing on that all those 
plan lengths which pass from top to bottom and bottom to top, such 
as 1,2 ; 2,3; 3,4; 4,5, and so on, should be triangulated against the 
vertical height. All those plan lengths around the bottom edge, 
such as 1,3 ; 3,5 ; 5,7 ; 7,9, and so on, should be used direct from the 
plan, as they are already true lengths. All those spacings around the 
top edge, such as 2,4 ; 4,6 ; 6,8 ; 8,10, and so on, should be obtained 
from the true divisions on the ellipse above the joint line. Only half 
of the pattern is shown developed in the figure. Since the pattern is 
symmetrical about the line 14', 16', the other half is a repetition in 
the reverse order on the other side of that line. 

STOVE CHIMNEY, OFF-CENTRE 

The problem shown in Fig. 99 represents the alternative case of 
the chimney passing up through the roof of the cabin. The plan 
shows the position of the uptake as being off-centre both ways above 
the stove outlet. In order to develop this pattern satisfactorily a 
projected view is advisable in the direction of the arrow, which is at 
right angles to the line joining the centre of the base and the top. 
The views should then be turned so that the projection may be used 
as the elevation. The position of the joint line in the projected eleva- 
tion is obtained by bisecting the angle between the centrelines of 
the transformer and the vertical pipe. 

The directions for developing the pattern are the same as for the 
previous example, except that the whole of the pattern has to be 
triangulated as it is not symmetrical about any line. 

STOVE ELBOW CONNECTION 

The problem shown in Fig. 100 represents an elbow connection 
from the outlet at the back of a stove. The portion at A fits over the 
outlet, which is rectangular with semicircular ends. The portion at 
B transforms from the joint at the elbow to the circular top, which 
may then be connected to a pipe or chimney. A projected view of 
the joint line in the direction of the arrow F is shown below the 
side elevation. This projection is the true shape of the joint line. 
The plan below the front elevation is of the transformer B only. It 
will be seen that the shape of the joint line in the plan is similar to 
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that of the projection, but not so wide. It is, in fact, similar to a 
projection in the direction of the arrow Q. 

In preparation for developing the patterns, divide one of the 
semicircular ends in the front elevation into six equal parts, as shown 


T 



at 3,5,7,9,11,13,15. Through these points draw horizontal lines 
right through to the end of the connecting piece at A. These lines 
will cut the other semicircle in similar points to the first one. From 
these points on both semicircles drop vertical lines into the plan to 
obtain the points 3,5,7,9,11,13,15, on the base joint line. Divide 
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half of the top circle into six equal parts to correspond with the six 
parts obtained at one end of the base. It will be seen that the plan 
is symmetrical about the vertical centreline, so that only half of the 
plan need be triangulated for the pattern. Number the points as 
shown in the diagram, passing in consecutive order from bottom 
to top and top to bottom, thus obtaining the zigzag line which 
divides the surface into triangles. The first line 1,2 passes vertically 
up the centre of the back of the transformer, and is therefore repre- 
sented by a single point. Erect a vertical height line BT, and project 
each of the points 3,5,7,9,11,13,15 in the elevation horizontally to 
cut the vertical height line, and produce them to form base lines 
along which to mark off the plan lengths. 

For the first triangle, since the line 1,2 has no plan length, the full 
vertical height BT wilJ give its true length. Take this height in the 
compasses and mark off l',2' in any convenient position in the pat- 
tern. Next take the plan length 2,3, and mark it off along the bottom 
base line level with point 3 in the elevation. Take the true length 
diagonal and from point 2' in the pattern swing off an arc through 
point 3'. Now take the true length 1,3 direct from the plan, and 
from 3' in the pattern describe an arc cutting the previous arc in 3'. 
For the second triangle, take the plan length 3,4, and mark it off 
along the bottom base line level with point 3. Take the true length 
diagonal, and from point 3' in the pattern swing off an arc through 
point 4'. Next take the true length distance 2,4 direct from the plan, 
and from point 2' in the pattern describe an arc cutting the previous 
arc in point 4'. For the third triangle, take the plan length 4,5, and 
mark it off, this time on the base-line level with point 5 in the eleva- 
tion. Take the diagonal true length and from point 4' in the pattern 
swing off an arc through point 6' , 

The true distance between 3 and 5 is obtained from the projected 
view of the joint line. Therefore, take the true distance 3,5, from 
the projected view and from point 3' in the pattern describe an 
arc cutting the previous arc in point 5'. The remainder of the 
pattern should be easily followed from this point since the direc- 
tions are merely a repetition of terms. The chief points to be 
careful of are that the plan lengths should be marked off along 
the correct base lines against the vertical height, and that the 
true lengths between 3' and 15' should be taken from the projected 
joint line. 

The pattern for the horizontal portion of the elbow is shown 
“unrolled ” below the side elevation. It is a straightforward example 
of Parallel Line development. 
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HOPPERS WITH KINKED SIDES 

Some things are not so simple as they look. The hopper for feeding 
the boot of the elevator shown in Fig. 101, (a) and (6), appears to be 
a straightforward piece of work, yet it is the type of job which often 
causes a deal of trouble unless its geometry is properly understood. 
The two sides or cheeks contain a slight bend or kink from one top 
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comer to the diagonally opposite bottom corner. The kink may be 
made on either one diagonal or the other, but the kink will have the 
crown of the bend either inwards or outwards, “knuckle in” or 
“knuckle out,” according to which diagonal is chosen. The illus- 
tration at (a). Fig. 101, shows the kink from the top back comer 
to the bottom front comer. In this case the kink will be “knuckle 
out.” The illustration at (6), Fig. 101, shows the kink from the top 
front comer to the bottom back comer. In this case the kink will be 
knuckle inwards. 


132 


THE GEOMETRY’ OF SHEET METAL WORK 


This looks simple enough, but many draughtsmen fail to show that 
kink on the di’awing, and many craftsmen fail to see that it must be 
there. Moreover, when this necessity is fully realized, trouble often 
arises through incorrect bending, and many a kink has had to be 
reversed in order to put it right. The alternative patterns for this 
hopper are slightly different according to the choice of kink, so that 
it is important to be clear on this point before developing the pattern. 
The observance of these little differences makes all the difference 
between a job which “goes right” and a job which is tantalizingly 
out a bit here and a bit there. Lack of foresight in this respect can 
easily double the cost of the job. 

The example shown at (a), Fig. 101, has the advantage of giving 
a slightly larger capacity to the hopper than the alternative con- 
struction at (6). The example shown at (c) is yet another method of 
constructing the same hopper, but this construction gives a smaller 
capacity than that shown at (6). The kinks in the sides of the hopper 
at (c) are horizontal, or parallel with the top of the hopper, and the 
small triangles below are in vertical planes. This construction has 
something to be said in its favour, as some craftsmen hold the view 
that it gets rid of the twist, but actually this is done by putting the 
kink across the bottom parallel to the top. The remaining part of 
the side above the kink is then quite flat. 

FEED HOPPER TO ELEVATOR BOOT 

The pattern shown in Fig. 102 is that of a hopper similar to the 
example at (a). Fig. 101. The development is obtained by straight- 
forward triangulation, although there are one or two points in the 
process which perhaps need explaining. 

To develop the pattern, first set down the plan ^nd elevation to 
the required dimensions. The kink will be required from the back 
top comer to the bottom front corner, as from 5 to 4. This, then, 
should be put in as the diagonal for that side of the hopper. Since 
the hopper is symmetrical about the horizontal centreline in the 
plan, only half of it need be triangulated. Beginning at the centre- 
line, number the points and comers from 1 to 8 as shown in the 
diagram. A half side elevation is given in order to show the triangu- 
lation from 6 to 8. Project base lines from points 2 and 8 in the eleva- 
tion and erect a vertical height line as shown in the figure. 

Perhaps in this case the simplest way to begin the pattern is by 
first setting out the full front plate in the following manner. Take 
the true length of the centreline of the front plate, which is the dis- 
tance from 1 to 2 in the front elevation, and mark off l',2' in the 
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pattern. Draw 1 ,3 at right angles to it, and also 2 ', 4 \ each equal 
to 1,3 and 2,4 respectively from the plan. Produce these on the other 
side of the centreline in the pattern, as from P to 3" and 2' to 4". 
Join 3',4' and 3",4". Next take the plan length 4,5 and mark it.oif 
along the bottom base line at right angles to the vertical height. 



Take the true length diagonal, and from point 4' in the pattern swing 
off an arc through 5'. Now take the true length distance 3,5 direct 
from the plan, and from point 3' in the pattern describe an arc cut- 
ting the previous arc in 5'. For the next triangle take the plan length 
5,6 and mark it off along the top base line at right angles to the 
vertical height. Take the true length diagonal and from point 5' 
in the pattern swing off an arc through point 6'. Next take the true 
length 4,6, this time direct from the front elevation, and from point 
4' in the pattern describe an arc cutting the previous arc in 6'. The 
remaining part of the pattern may either be obtained by triangula- 
tion or by taking the true distances direct from the side elevation. 
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Thus, in the side elevation, portion enclosed by the line 6,5,7, 8 is 
its true size and shape. Therefore the lines 6,7 ; 5,7 ; 7,8 ; 6,8 may 
all be taken direct from the side elevation and marked off in the 
pattern. 


DELIVERY CHUTE FROM ELEVATOR HEAD 

The delivery chute from the head of the elevator presents similar 
problems in the matter of twisted sides. The illustration at Fig. 103 
shows such a chute leaving the elevator bead at an angle to feed into 



a forward position off-centre with the elevator. Thus the chute 
slopes both ways. The sides or cheeks of the chute will have to be 
kinked along one or the other of the diagonals in order to fulfil the 
conditions shown in the plan, elevation and side elevation of the 
figure. Now, it will be seen from the plan that the material ejected 
from the elevator head will flow chiefly down the comer of the chute 
marked AB. It would be a disadvantage, therefore, if this comer 
were sharp or acute. If the kink were made from A to D, as shown, 
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this corner preserves its maximum angle. It is clearly an advantage, 
therefore, to kink the side from A to D. 

Craftsmen sometimes have difficulty in deciding whether the sides 
of any particular chute sliould be kinked or not. The best guide is 
a careful study of the plan and ekivation, bearing in mind the follow- 
ing points. If the top and bottom of the chute are parallel, as in the 

example shown in Fig. 104, then, j 

even though the chute bo off-centre 4 

both ways, all sides will be flat. If / i / 

the top and bottom of the chute are '/ // ] / y/ 

not parallel, as in Fig. 103, then ^ i / / 

there is only one position which will ^ " <■ // / ! / 

give flat sides, and that is when the ^ i 

chute is on -centre with the elevator 
head and the sides are in vertical ChuJe from 
planes. Whenever the sides lean Elevator head. 
sideways to or from the head, kinks 
will be necessary. 

The problem given in Fig. 105 
shows the development of the 
pattern for a chute similar to that 
illustrated in Fig. 103. If the prin- 
ciples of triangulation have been 
carefully followed up to this point 
there should be no difficulty in solv- 
ing this problem. It will be seen, 
however, that in triangulating the 
surface, the usual zigzag line is 
modified slightly in order to bring 
the two kinked diagonals 2,3 and 5,7 into similar positions on each 
side of the chute. For the rest, this problem is given as an 
additional exercise. 
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Chapter 8 

THE HADIAL LINE METHOD 

Nearly all complicated drawings are merely aggregates of simple 
parts. Each simple part may be easy to understand, but it is the 
fitting of the components together in their proper relation to each 
other which often makes the result appear somewhat complex. 
Similarly, an intricate pattern-development is merely an aggregation 
of simple processes, and these simple processes merged together in 
the complete solution sometimes make the problem appear difficult. 
However, when these simple processes, or principles, are followed 
in their right order, it is surprising how the difficulties melt away. 

This is the beginning of a third course in pattern development, and 
the work is based on the following arrangement — 

(а) developments by the Radio Line method of patterns for 
right conical connecting pieces, and multiple branch pieces for 
pipe work involving oblique conic frustums ; 

(б) developments by the Parallel Line method of patterns for 
branch connections on lobster-back bends, and moulding patterns 
for ornamental bowls and vases ; 

(c) further intersections of the right cone and cylinder around a 
common central sphere ; and 

{d) developments by the method of triangulation of patterns 
for transformers, comprising hoppers, hoods ►and connecting 
pieces, fitting on plane, curved, and angular surfaces; also 
multiple branch pieces and junctions for air duct work. 

CONICAL VENTILATOR BASE 

Occasionally the base of a ventilator is required in the form of a 
conical connecting piece between the cylindrical pipe above and the 
square section below. The illustration at Fig. 106 is a perspective 
view of such a connecting piece, which appears to be a straight- 
forward conical construction, but when given in ordinary plan and 
elevation, it is often confused with the con;imon square-to-circle 
tallboy. A glance at the half-plan, in Fig. 108, will show the similar- 
ity in that view, and the error which is sometimes made is to divide 
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up the plan in accordance with the method of triangulation applied 
to the tallboy. 

To set out the plan and elevation, first draw the circle in the plan 
equal to the diameter of the cylindrical pipe. Next draw the square 
concentrically round it to the size required. Since the figure is a 
right cone cut by four vertical planes, forming the square in the 
plan, the diameter of the base of the cone will be equal to the 
diagonal of the square. Therefore, draw the circle touching the 
points of the square to represent the base of the cone. Next draw 
the elevation of the full cone as shown at and insert the two 

vertical cutting planes corresponding to the left- and right-hand 
sides of the square. To obtain the front cutting plane in the form 




of the hyperbolic curve divide the quadrant in the plan from 

C to G into four equal parts, as shown at CyD,EyFyG, and join the 
points to the plan apex A, From the points D,E,F, on the quadrant, 
draw lines vertically upwards to meet the base in points d,c,/. 
Join these points, also point A, to the apex A' in the elevation. The 
position of point g' on the centreline A, A' will be equal in height to 
point n on the slant of the cone. Transfer point n horizontally to 
meet the centreline in g\ Now the line F^A in the plan is the same 
as line f,A' in the elevation. The line F,A in the plan cuts the 
vertical cutting plane H,E in point/'. Transfer this point/' vertic- 
ally upward to meet the elevation line f,A\ in point/". This gives 
another point on the curve e,g',h, A similar point h" may be obtained 
by transferring point /" to an equal distance on the other side of the 
centreline A,A'. More points on the curve may be obtained in a 
similar manner by dividing the arc G,FyE into a greater number of 
parts. A curve drawn through these points will give the required 
form of the cutting plane in the elevation. 

To develop the pattern, first obtain the outline pattern of the 
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full cone by swinging out the arc C",C from the apex A' with a 
radius equal to the slant of the cone. Since the quadrant C,G is 
divided into four equal parts instead of the usual three, mark off 
sixteen of these parts round the arc in the pattern. The first four, 
corresponding to those in the quadrant, are lettered C\D\E\F' ,G\ 
Join all these points in the pattern to the apex A\ 

Now, since this problem is of a right cone, the true lengths of the 
hnes A\g' and A\j" may be found by transferring the points g' and 
f" horizontally to meet the slant side C,A\ in n and o, on the outside 
of the cone. From the points n, o, on the slant, swing arcs into the 
pattern. It remains now to draw in the pattern itself, which should 
be easily followed from the diagram, Fig. 108. 
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BECTANOULAB PIPE ON CONIC BASE 

The illustration in Fig. 107 shows the reverse construction to 
that above. Instead of the cone resting on the square or rectangular 
base, the square or rectangular pipe rests on the conic base. This 
example, like the one above, is a straightforward case of conic inter- 
section, and while it is not, perhaps, of common occurrence in prac- 
tice, it is worthy of attention as a link in the chain of progressive 
studies. The perspective view in Fig. 107 shows the rectangular 
pipe placed on centre with the axis of the cone, but the example 
given for development in Fig. 109 presents the rectangular pipe off- 
centre both ways. The former case is, of course, the simpler, and 
if the directions for the latter are carefully followed no difficulty 
should be experienced with the other, or similar cases. 

In setting out the plan and elevation to obtain the hyperbolic 
intersection curves, first draw the circle in plan representing the 
base of the cone, and then the rectangle in its required position. Next 
draw the elevation of the full cone, as at Divide the base 

circle in the plan into twelve equal parts and letter them as shown. 
Project these points vertically upwards to the base of the cone in 
the elevation. Join the points on the base to the apex Also, join 
the points on the circle to the centre apex A. Now, since these 
lines in the plan from the circle to the apex A are the same as those 
in the elevation from the base to the apex A', the points where the 
lines in the plan cross the rectangle may be located on those in the 
elevation by projecting the points of intersection vertically upward 
to the corresponding lines. Thus, the line D,A in the plan cuts the 
rectangle in point 4. This point projected vertically upwards will 
meet the line d,A ' in the elevation in point 4". Similar points on the 
hyx)erbolic curves may be found for points 6,7,10,11,13,14. It will 
be seen that two of the four corner points, 7 and 14, fall on lines OyA 
and MyA respectively, but the other two comer points, 3 and 9, 
fall between two lines. In order to locate these points in the eleva- 
tion, extra lines must be drawn from the centre apex A, through 
these points to the circle in the plan, and the points on the circle 
projected upwards to the base in the elevation, and from there to 
the apex A\ Then, points 3 and 9 projected vertically upwards to 
meet these lines in the elevation will give their respective positions 
on the hyperbolic curves. It will be observed that points 1, 2, and 
8 fall on the outside verticals of the rectangular pipe in the elevation. 
There are two other points remaining, 5 and 12, which fall on the 
centreline, and are not so readily located in the elevation. To find 
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the position of these two points, from the centre apex A in the plan, 
swing them on to the horizontal centreline and from there 



project them vertically upwards to Ihe slant sides of the cone in the 
elevation. Then take them horizontally to the centreline, and each 
will give the highest point respectively on the front and bac|f 
hyperbolic curves. 
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To develop the pattern for the conic section, project all the points 
located on the curves of intersection horizontally to the outside 
slant B\A' of the cone. In the diagram, Fig. 109, this slant side and 
all the points on it are revolved about B' to the new position B'A", 
in order to keep the pattern clear of the elevation. The point A" 
is now used as the apex for the pattern. From A" swing arcs into 
the pattern from all the points on B\A". Around the base arc 
B'yB" mark off twelve distances equal to those round the circle in 
the plan, and letter the points B\C\ . . . L\M\B". Join all these 
points to the apex A". Next mark off the two extra points R and 
S in their relative positions between C\D' and H'F, respectively. 
Join these also to the apex A", All is now ready for drawing the 
curves of intersection in the pattern. Assuming that the seam is to be 
on the line, J5,l, the curves should be carefully plotted in accordance 
with the illustration at Fig. 109. 

To develop the pattern for the rectangular pipe project all the 
points on the curves of intersection in the elevation horizontally to 
the side of the pipe. In the ordinary process of development the 
pattern for this pipe should be ‘^unrolled’’ horizontally, or at right 
angles to its central axis, but in the illustration given it is turned 
through 90 degrees for the convenience of space and general arrange- 
ment. Thus, all the points projected to the side of the rectangular 
pipe are revolved about the point 0 through 90 degrees to the line 
OyP, and the base line is projected vertically upwards. On the base 
line mark off a number of spaces corresponding to those round the 
rectangle in the plan, beginning at point 1. Number the points on 
the base line r,2',3', . . . 13', 14',!". Draw lines from each of these 
points at right angles to the base line, and project lines upwards, 
from all the points on 0,P, parallel to the base line to meet those at 
right angles to it. The intersection curves in the pattern may now 
be plotted. Assuming that the seam is to be in line with that of the 
cone, the first point on the curve will be that corresponding to point 
1 in the plan. Jf the location of the correct points in the pattern 
should be a little puzzling, they may be readily traced up from the 
plan in the following manner. With the point of a pencil, or any 
other instrument, begin at point 1 in the plan, proceed to B on the 
circle, vertically upwards to B' on the base, up the slant of the cone 
to the intersection line, across to the other side of the rectangular 
pipe and round the quadrant to the line 0,P, then upwards until it 
meets the line out from point 1' on the base line. Next, begin at 
point 2 in the plan, proceed to (7 on the circle, vertically upwards to 
c on the base, up the elevation line to the intersection, across to the 
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quadrant and round to the line 0,P, then upwards until it meets the 
line out from point 2' on the base line. Next, begin at point 3 in 
the plan, proceed to R on the circle, vertically upwards to r on the 
base, up the elevation line to the corner point of the intersection 
line, across to the quadrant and round to the line 0,P, then upwards 
until it meets the line out from point 3' on the base line. Next, begin 
at point 4 in the plan, proceed to D on the circle, vertically upwards 
to d on the base, up the elevation line to 4" on the intersection curve, 
across to the quadrant and round to the line 0,P, then upwards 
until it meets the line out from 4' on the base line. 

When tins process is properly grasped, the path of each point can 
be rapidly traced by the eye to its correct position in the pattern. 

SKILL IN PATTERN-DRAFTING 

It is a fairly obvious fact that skill in the manipulation of the 
hammer can be an effective time saver, but it is not so readily seen 
that skill in the application of the rule and compasses can be a 
greater, and even more effective, means of economy. Pattern- 
drafting cannot be dispensed with. Whether it be the preparation 



of templets to be used in mass production, or the drafting of a single 
pattern to be used once only, marking out has to be done, and this 
can be executed with speed and certainty by craftsmen well versed 
in methods of geometry. Mental haziness in this ponnection is 
responsible for more errors and undue delay than is generally realized, 
for no one can get on with his job if he does not know how. Skill in 
pattern-drafting is not difficult to acquire, if the subject is studied 
methodically. There are only three methods of development by 
means of which any pattern may be drafted , and those three methods, 
the Radial Line method, the Parallel Line method and Triangulation> 
form the basis of this course of study. The two chief sections into 
which the Radial Line method may be divided are problems in- 
volving the principles of the right cone and those of the oblique cone» 
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The two problems dealt with in Figs. 112 and 113, introduce a 
fresh point or principle in so far as the line of intersection in the 
elevation must be determined before the pattern can be developed. 
Both examples are of right conic frustums, and although that of 
Fig. 112 represents a conical spout fitting on a cylindrical body, as 
that of a pouring can, the same problem may be encountered in a 
variety of ways. The illustrations at Figs. 110 and 111 show two 
applications of the same problem, and although the cone in the 
latter case is reversed in position, the method of obtaining the line 
of intersection is precisely the same. 

CONICAL SPOUT ON CYLINDRICAL BODY 

The spout in Fig. 112 is shown proportionately larger than is 
usually required for a purpose of that kind. It is shown enlarged 


A 



in order to emphasize the line of intersection and illustrate the 
processes of development more <?learly. 
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In order to determine the line of intersection, first complete the 
elevation of the full cone ADJ by producing the sides BC and LK 
upwards to meet in the apex and downwards to any convenient 
position to form the base DJ. The distance AD must be made 
equal to A J , On the base DJ describe a semicircle and divide it into 
six equal parts, as shown at D,E,F,OJiJ,J, From these points 
project lines perpendicularly back to the base i)J, and join the 
points obtained on the base to the apex A. Next project the base 
of the cone into the plan by dropping vertical lines from the points 
on DJ, to cross the horizontal centreline in the plan. Mark ofiF, on 
the corresponding lines above and below the horizontal centreline 
J'D\ distances equal to those from the base DJ to the semicircle. 
Draw in the ellipse to represent the base, and join the points 
D\E\F\0\ir ,r ,J\ to the apex A\ From the points where these 
lines cross the circle representing the cylindrical body, project lines 
vertically upwards to meet the corresponding lines in the elevation. 
Points should thus be obtained through which to draw the lino of 
intersection. 

To develop th© pattern, first project lines at right angles to the 
centreline AO, from all the points on the line of intersection to the 
slant side AJ. Repeat this with all the points on the top edge LB. 
Next, with the apex A as centre, swing out an arc into the pattern 
from the point J. Take one of the equal divisions from the semi- 
circle, as DE, or EF, and beginning at any convenient point on the 
arc, as at D", mark off twelve spaces which will represent the base of 
the full cone in the pattern. In the diagram at Fig. 112, six of these 
divisions are lettered D",E",F",G",H",r',J". Join all these points 
to the apex A. Now describe arcs from all the points on the slant 
side AJ to cut the radial lines in the pattern. Assuming that the 
joint is to be on the short side BC of the spout, lines drawn through 
the points of intersection as shown in the illustration will give the 
required curves of the pattern. 

CONICAL CONNECTION ON ANGULAR CORNER 

The problem shown in Fig. 113 represents a conical spout on the 
corner of a hexagon. While this example is similar to the previous 
one in so far as it is a spout on a vessel, it also finds application as a 
conical connection on the comer of a square or rectangular duct. 
Tljje method of development is precisely the same in either case, and 
the directions given for the previous problem shown in Fig. 112 will 
serve equally weD for that of Fig. 113. The chief difference between 
these two problems will be seen in the form of the line of intersection 
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in the elevation. The curve is more pronounced in the case of the 
angular corner, and from the i>oint K, in Fig. 113, it dips downwards 
before rising to point C. This apparently simple variation is often 


A 



the cause of doubt and error, and the example is well worth the 
trouble of working in order to impress the difference on the memory. 

The smaller diagram given at the bottom left-hand corner in 
Fig. 113 is offered as an additional example for practice. 

BRANCH PIECES IN PIPE WORE 

There is an extraordinary variety of designs possible for branch 
pieces in air duct work. Efficiency in the matter of air flow should 
be the guiding principle in designing a branch piece to satisfy any 
given set of conditions. The angle of divergence should be as small 
as possible, which means that the limbs forming the branches should 
not divide too abruptly like the arms of a Y-pieoe, but should 
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diverge at an angle which allows the two holes or outlets at the double 
end to be as close together as practicability permits. The illustration 
at Fig. 114 shows a two-way branch piece with the holes at the top 
cut parallel with the hole at the base, and two full 90 degree bends 
leading from the branches. The fact that the holes at the top are 
parallel with the base allows the bends to be turned to any desired 
angle in the plan, as will be seen by that shown at Ay without com- 
plicating the position of the bend. 
This condition is often very con- 
venient when the exact angle can- 
not be predetermined, and the 
joint at B is left loose or unfixed 
for adjustment on site. The limbs 
of the branch piece form portions 
of oblique cones, and the method 
of developing the pattern is shown 
in Fig. 1 1 5. 

TWO-WAY CONICAL BRANCH 
PIECE 

The smaller figure in the bottom 
left-hand corner of the diagram at 
Fig. 115 represents a full plan 
and elevation of the two-way 
oblique conical branch piece which 
is shown developed above. 

To draft the pattern, first draw 
the elevation of one limb, and 
produce the sides to obtain the full cone, as at 1,A',7. Next draw 
the plan, with the apex A vertically below A'. Only a half-plan is 
given in the illustration, and is attached direct to the base of the 
elevation for convenience and simplicity in drafting the pattern. 
Divide the semicircle, representing the base of the cone, into six 
equal parts, and number the points from 1 to 7. With the apex A in 
the plan as centre, proceed in accordance with oblique cone practice, 
by swinging the plan lengths round from each point on the semi- 
circle to the base of the cone in the elevation. From the points on 
the base line 1,7, draw lines to the apex A\ These lines are true- 
LENGTH lines. Next, with the apex A' as centre, swing arcs into the 
pattern from all the points on the base line, and also from all the 
points on the top edge of the cone where the true-length lines cross. 
Now take one of the equal divisions from the semicircle, as 1,2 or 
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2,3, and, starting from any convenient point on the outside curve in 
the pattern, as at mark off twelve divisions by stepping over 



from one curve to the next, as shown in the diagram. On reaching 
the inside curve from the base, as at 7', the spacing should proceed 
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outwards to point V\ A line drawn through these points should 
give the base curve in the pattern. To obtain the corresponding top 
curve, draw lines from all the points on the base curve to the apex 
A\ Where these radial hnes cross the curves from the top edge of 
the cone points will be obtained through which the top curve may be 
drawn, as illustrated in the diagram. 

Up to this point the procedure is precisely the same as for the full 
oblique cone frustum shown in Fig. 70, in the Second Course, except 
that the curves in the pattern are reversed in position in order to 
bring the seam on the opposite side. It remains now to obtain the 
curves which form the intersection or joint lines. In the plan it will 
be seen that the plan lengths A,l ; A, 2; and ^,3, cross the joint 
line in points a,6,c. To obtain the true lengths of the portions 
A, a; A,b; and A,c, draw lines from points 2 and 3 perpendicular 
to the base line 1,7. It will be observed that the point 1 is already 
on the base line. From the points on the base, draw lines to the 
apex A' in the elevation. These lines are elevation lines. From the 
points where the elevation lines cross the joint line, as at a', 6', and 
c', draw lines horizontally to meet the corresponding true length 
lines. For example, taking point 3 in the plan, the elevation line 
from that point crosses the joint line at c'. A short horizontal line 
drawn from point c' to meet the true length line from point 3 will 
give the required true length of A,c, from the apex A'. To obtain 
the true len^h of A ,6, repeat this process from point b\ The distance 
A\a\ is already a true length. These true lengths should now be 
swung into the pattern from the apex A\ and where the resulting 
arcs cross the corresponding radial lines in the pattern, points will be 
obtained through which to draw the joint curves. Thus, the plan 
line A, 3 crosses the joint line in c, and the corresponding true- 
length arc from c' crosses the radial line /4',3' in c". Similar points at 
b" and a" afford positions through which to draw the curve 
a'\b",c"A\ 


MULTIPLE CONICAL BRANCH PIECE 

In the case of multiple branch pieces of tliree, four, or more limbs, 
all equal, it is important to arrange the plan so that one limb lies 
on the horizontal centreline. The reason for this is that the de- 
velopment of the pattern for one limb can best be done when the 
elevation of the cone shows its maximum slant, which means that, 
in the plan, the centreline through the apex should be horizontal. 
The small three-way branch piece shown in the bottom left-hand 
corner in Fig. 116 is arranged so that the centreline of the limb 
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marked B is on the horizontal centreline, and the pattern develop- 
ment is shown in the larger diagram above. The chief difference 
between this problem and that of the two-way branch piece in the 
previous example lies in the determination of the joint line in the 



elevation. The joint line in the plan will occupy the position from 
the centre-point a to point 5. In the elevation this joint line is seen 
as the curve shown immediately above. To obtain this curve, 
divide the semicircle in the plan into six equal parts and number 
them from 1 to 7. Join these points to the apex A. From the points 
1 to 7 on the semicircle draw perpendicular lines to the base line in 
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the elevation, and join the points on the base line to the apex A\ 
These are the elevation lines corresponding to the plan lines -4,1 ; 
A,2 ; , , . Ay7. It will be seen that the plan lines cross the joint 
line in points a,b,c,d, with point 5 at the extremity. These points 
transferred vertically upwards to the corresponding elevation lines 
will give points a\b',c\d\ with point 5" on the base line. A curve 
drawn through these points will give the joint line required. 

The method of developing the pattern is the same as for that of 
the previous problem. Having obtained the pattern for the full 
cone, the joint curves may be obtained by projecting the points 
b\c'yd' horizontally to the true length lines, and swinging arcs from 
the points obtained, and also from a' into the pattern to meet their 
respective true length lines from the base curve. The joint curves 
may then be drawn as shown at a",6",c",d",5'. 

The smaller figure at the top right-hand corner, Fig. 116, represents 
a four-way branch piece of similar design. A practical application of 
this branch piece is shown in Fig. 117, where four equal diameter 
pipes from four machines meet concentrically in one jimction, from 
which a single pipe proceeds upwards to an air filter on the floor 
above. The method of development is exactly the same as for the 
three-way branch piece, although the pattern is a little more 
emphasized in form. This example should serve well for extra 
practice. 



Chapter 9 

THE PARALLEL LINE METHOD 

The grouping of similarities in methods of surface development 
simplifies the work and study of pattern -drafting. The parallel line 
method of development in the Fiist Course was introduced with 
problems of tees and joints between pipes of equal diameter. In the 
Second Course, problems of tees and branches between pipes of 
unequal diameters marked a step forward. Now, in the Third Course, 
joints and branches on lobster-back bends made by pipes of different 
diameters present a further development in this type of problem. 

It sometimes happens that a branch connection has to be made 
on the heel of an existing bend, similar to the example shown in Fig. 
119. In dust-handling systems it is often advisable to fit a short 
stump, with a removable cap, on the heel of a bend to facilitate 
cleaning out in either direction by inserting brushes at the stump. 

CONNECTION TO LOBSTER-BACK 

The example shown at Fig. 118 may be regarded as a standard 
type of branch-to-bend problem, which is similar to that represented 
in the smaller diagram at the bottom left-hand corner, except that 
the larger pipe forms a bend. Before the patterns can be drafted, 
the correct determination of the joint line is necessary, and this may 
be done by following one or two simple principles. In the illustration, 
a half end elevation is given, in which the smaller semicircle repre- 
sents a section of the cylindrical branch pipe, and the larger semicircle 
the end of the bend. 

Divide the bottom quadi’ant of the smaller semicircle into three 
equal parts, as at 1,2, 3,4. The middle point 4 on the smaller semi- 
circle represents the outermost point of the cylinder which penetrates 
the bend. A line drawn vertically through that point, as at 4'4', 
may be considered as lying on the surface of the bend, and may be 
transferred to the front elevation by projecting the bottom point 4' 
horizontally to the edge of the bend, and then swinging it round from 
the centre 0. Where this curve crosses the centreline 4,4 of the 
branch pipe, the middle point d will be obtained on the joint line. 
To obtain other points on the joint line, draw lines vertically through 
points 2 and 3 on the smaller semicircle to meet the larger semi- 
circle in points 2' and 3'. From the latter points, project lines 
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horizontally to the edge of the bend, and from there swing curves 
round from the centre 0. Next, in the front elevation, describe the 
semicircle on the other end of the branch pipe, divide it into six equal 



parts and number them 1,2, 3, 4, 3,2,1, as shown in the diagram. This 
semicircle will be similar to the smaller one in the end elevation. 
Now, from the points on the second semicircle draw lines horizontally 
to meet the curves obtained from the corresponding points in the 
end elevation. The joint line may now be drawn in ttiough points 
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a,b,c,d,e,f,g. The pattern for the branch pipe may now be “unrolled ” 
in the usual way as shown in the illustration. 

An important alternative method of obtaining the curves in the 
front elevation is shown at the top of the bend. The radius of the 



smaller quadrant corresponds to that of the branch pipe. This 
quadrant is divided into three equal parts and the points projected 
horizontally to meet the larger quadrant of the bend. From the point 
on the larger quadrant, lines are dropped perpendicularly to the edge 
of the bend, where, it will be seen, they meet the curves already 
obtained from the end elevation. This method of locating points 
from which to draw the curves is a little clearer than that shown in 
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the end elevation, but, as the quadrants do not represent any exact 
view of the pipes, the method is conventional, and should be applied 
with caution to any new phase of the problem. 

BRANCH ON FOUR-PIECE LOBSTER-BACK 

To develop the pattern for the branch piece on the lobster-back 
bend shown in Fig. 119, first set out the elevation with the branch 
set at the required angle. Describe a semicircle on the top edge of 
the bend. Produce the edge, and on it describe a quadrant with a 
radius equal to that of the branch pipe. Divide the quadrant into 
three equal parts and project the points horizontally back to the 
semicircle. Number the points on the semicircle l',2',3',4', and from 
them drop perpendicular lines to the edge of the bend. Continue 
these lines round the bend by drawing them parallel to the centre- 
line of each segment. Next, describe a semicircle on the end of the 
branch pipe, divide it into six equal parts and number the points 
1,2,3, 4,3,2, 1. Project these points perpendicularly back to the edge 
of the pipe, and continue the lines onward, parallel to the central 
axis. Where these intersect the corresponding lines drawn round the 
bend sufficient points will be obtained through which to draw the 
joint line. The pattern may be “unrolled"’ in the usual way as 
shown in the illustration. 

The smaller figure at the bottom left-hand corner represents a 
similar problem with the branch entering at the side. This is left as 
an example for further practice. 


CLEANING OUT STUMP ON A LOBSTOR-BACK 

The problem given in Fig. 120 represents a short cylindrical stump 
on the heel of a bend. It is fitted with a removable cap to facilitate 
inspection or cleaning out. The pattern should be readily obtained 
by following the directions given for the previous problem. In the 
illustration the pattern is shown detached, and not “unrolled” as 
in the previous examples. 

The example shown in Fig. 121 represents a joint between a 
smooth bend and a pipe of equal diameter. In this case the joint 
line may be located by describing semicircles on the ends of cross- 
sections of the pipes, dividing the near-side quadrants into three 
equal parts, projecting the points square on to the pipe edges, and 
producing the lines on the pipe surfaces until they meet at the joint 
line. 
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LOBSTER-BACK BRANCH 

The problem shown in Fig. 122 is, in effect, the reverse of those 
given in Figs. 119 and 120, inasmuch as the diameter of the bend is 
smaller than that of the cylindrical pipe, which gives the b(md the 



position of branch instead of main. Before the patterns for the 
segments of the bend can be obtained, the joint line must be correctly 
determined. 

First set out the full elevation of the main cylindrical pipe and 
the lobster-back bend, and on the base of the main pipe describe a 
semicircle. Extend the base of the main pipe, and on it describe a 
quadrant with a radius equal to that of the lobster-back pipe. Divide 
the quadrant into three equal parts and project the points hori- 
zontally to meet the semicircle in points l',2',3',4'. From these 
points draw lines perpendicularly to the base of the main pipe. Now, 
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instead of swinging them round the bend, as in the previous examples, 
draw lines upwards on the surface of the main pipe parallel to its 
centreline. Next describe a semicircle on the end of the bend, divide 
it into six equal parts and number them 1,2, 3, 4, 3, 2,1. Project these 
points back perpendicularly to the end of the pipe, and produce them 
round the bend in lines parallel to the centrelines of the segments. 
Where these lines meet the corresponding ones from the base of the 
main pipe, points will be afforded through which to draw the joint 
curve as illustrated in the diagram. The patterns for the segments 
may now be developed in accordances with the method given in Fig. 36. 

The smaller figure in the bottom left-hand corner is another ex- 
ample of a lobster-back branch, in this case between pipes of equal 
diameters. This problem is given for additional practice. 

AUXILIARY PROJECTIONS 

The drafting of a pattern is usually a simple process once the 
principles of the Radial Line method, the Parallel Line method, 
and Triangulation have been properly grasped. It is the preliminary 
operations in preparing the views or conditions necessary for the 
development which often prove intricate or puzzling. For example, 
the open chute shown in the top left-hand corner in Fig. 125 is a 
straightforward problem of the oblique cylinder, and was dealt with 
in the First Course in Fig. 38. The example shown at (6), Fig. 125, 
is the same type of chute, except that it inclines at an angle sideways. 
This problem, which is often met with in practice, is not so simple 
as its predecessor. The sideways angle makes all the difference. 

In each of the problems shown in Figs. 123, 124, and 125 the 
principles of auxiliary projection, which were introduced in the 
Second Course, will be needed to produce the necessary views for 
developing the patterns. It may be remembered that most auxiliary 
projections can become ordinary plan views if the drawing be turned 
round to suit that position Thus, in Fig. 123, the projected view 
may be regarded in that light, as also may that in Fig. 124, if the 
illustrations be turned so that the projections come vertically below 
the elevations. 

RECTANGULAR BRANCH ON CYLINDRICAL PIPE 

The problem shown in Fig. 123 represents a horizontal rectangular 
pipe entering a cylindrical pipe inclined at an angle of nearly 45 
degrees. The projected view should be obtained looking in the 
direction of the arrow. It will be seen that the width of the rectan- 
gular pipe is just one-half of the diameter of the cylinder. For 
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convenience, the corners of the open end of the rectangular pipe are 
lettered 2>, and the corresponding corners at the other end are 



lettered E,F,0,H, The top and bottom plates ABFE and CDHG 
intersect the cylinder in similar quadrants, which cut obliquely 
across the pipe, as at EF and OH, The true shape of the curve at 
these positions will be elliptical. 
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To “unroir’ the pattern, produce the base of the rectangular pipe, 
and space off the distances A\B ' ; B',C ' ; C",D', and D\A'\ equal to 
the true distances round the rectangle. The distances A\B' and 
C'yD' should be obtained direct from the projected view, and B\C' 
and D\A" from the elevation. Next draw horizontal lines from 
these points at right angles to the ba^se line, and then frorp the corner 
points E,F,G)H in the elevation drop vertical lines into the pattern 
to meet the horizontal lines in E\F\G\H\E". Join A\E' \ F\G' \ 
H',E" \ E'\A". It remains now to determine the curves E' ^F' and 
G\H\ Divide the quadrant EF in the projected view into three 
equal parts, and from the points of division draw lines parallel to 
the sides of the rectangular pipci to cut AB and CD into three parts, 
but not equal, as will be seen in the diagram. In the pattern, divide 
the spaces A\B\ and C\D\ each into three parts corresponding to 
those on A B and CD, and from these points draw horizontal lines 
into the pattern at right angles to the base line. Now, from the 
points on the quadrant in the projected view, project lines into the 
elevation to intersect GH and EF. From the points obtained on GH 
and EF, drop vertical lines into the pattern to meet the correspond- 
ing horizontal lines from the base line. Points will be thus afforded 
through which to draw the elliptical curves from E' to F' and O' 
to H'. To set put the shape of the hole in the cylindrical pipe, first 
observe that it extends round the girth of the pipe a distance equal 
to the curve of the quadrant in the projected view. Now project a 
base line at right angles to the central axis of the cylinder, as shown 
in the diagram, from the base of the pipe. On this base line mark 
off three divisions equal to those round the quadrant, and project 
lines from these points parallel to the central axis of the cylinder. 
Next, from the points on EF and GH project lines at right angles 
to the central axis to meet those from the base line. Points should 
thus be obtained through which to draw the shape of the hole, as 
illustrated in the diagram. 

CROSS PIPES WHICH PARTIALLY INTERSECT 

It is the unusual problem which often proves difficult for the 
pattern-drafter, not always because it is perplexing, but rather 
because it is different, perhaps in some minor detail, from the usual 
mode of application. One would hardly expect to find a cross piece, 
such as that shown in Fig. 124, in general use, and certainly not in 
duct work. Nevertheless, it finds useful application in some arrange- 
ments of feed pipes to machines dealing with grain or coarse powder, 
where the cross pipe may form an effective overflow unit. In some 
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respects it is similar to the previous example. The chief difference 
is that the intersection is only partial instead of full. 

First, set out the elevation showing the pipes crossing at the 
required angle. Next obtain thc^ projected view with the pipei centres 
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set at the required distance apart. In this case the larger pipe cuts 
into the smaller pipe as far as the centreline. The ellipse representing 
the end of the smaller pipe in the projected view is obtained in the 
usual way by describing a semicircle on the end of the pipe in the 
elevation, dividing it into six equal parts, projecting lines from these 
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points perpendicularly back to the end of the pipe, and from the 
points on the end of the pipe, drawing lines into the projected view 
to obtain those points on the ellipse. From the points on the ellipse 
draw lines parallel to the centreline of the smaller pipe to cut the 
circle of the larger pipe in points a,6,c,6,e,/,^. From these points 
project lines into the elevation. Now, from points 1 to 7 on the semi- 
circle, draw lines parallel to the centreline of the smaller pipe to 
meet the corresponding lines projected from the points a to g. Thus, 
the centre point 4 on the semicircJc may be traced back to points 
a and g in the projected view. Therefore the horizontal line from 
point 4 meets the projected lines from a and g in points a' and g\ 
In this way all the points on the line of intersection in the elevation 
may be located, and the curve drawn in. 

To “unroll” the pattern for the smaller pipe, produce the base 
line from the end of the pipe, and mark off twelve spaces equal to 
those round the semicircle. Assuming that the seam is to be on the 
inside, or on line 4, a', <7', passing through the middle of the intersec- 
tion, the line ^,a\g' will form the ends of the pattern. Therefore, 
on the base line, number the three spaces at each end so that the 
point 4' falls on the outside, as at l',2',3',4', and 4', 5', 6', 7'. Next 
draw lines from these points at right angles to the base line, and from 
the points on the line of intersection in the elevation, drop vertical 
lines into the pattern to meet the corresponding lines from the base 
line in points a'\l/\c'\d'\e'\f\g". 

To develop the shape of the hole in the larger pipe, extend a base 
line from the bottom edge at right angles to its central axis, and 
mark ofif the distances afi,c,d,ej,g, equal to those round the curve 
in the projected view. From these points project lines at right angles 
to the base line. Next, from all the points round the line of inter- 
section in the elevation draw lines into the pattern parallel to the 
base line, to meet the corresponding lines projected at right angles. 
Thus, the line projected from the middle point, d, meets the two lines 
drawn from d',d' in points d",d". In this way sufficient points should 
be obtained through which to draw the required shape of the hole. 

It will be seen that a semicircle is described on the top end of the 
larger pipe, and a quadrant of the same radius as that of the smaller 
pipe is described on its centreline. The quadrant is divided into three 
equal parts, and lines are drawn through the points parallel to the 
end of the pipe. These lines intersect the semicircle in positions 
similar to those at a,6,c,d,e,/,^, in the projected view, and if lines 
were drawn from these positions parallel to the central axis of the 
pipe, the same points on the line of intersection would be obtained. 
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By the use of this semicircle and quadrant the work involved in 
obtaining the projection might be cut out, since that view would not 
be needed. However, it is not always wise to introduce a conventional 
method such as this, unless its mode of application can be clearly 
seen and understood. It is often better to follow well-defined prin- 
ciples, even involving a little more work, than to risk uncertain 
short cuts which might lead to confusion. 

AN OBLIQUE CYLINDRICAL CHUTE 

The oblique cylindrical chute shown at Fig. 125 is one which is 
often used on a circular outlet from a mixer, or on the end of a screw 



conveyer. When the point of delivery is on centre with the outlet, 
the type shown at (a) will be required. When it is necessary for the 
point of delivery to be off-centre with the outlet, the type shown 
at (b) will be needed. Before the pattern for the latter can be drafted 
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a projected view must be obtained in which the chute lies flat, so to 
speak, on the paper. This view, in the illustration given, is in the 
direction of the arrow, but placed below the plan instead of above 
for the convenience of suitable arrangement. To obtain this projec- 
tion, divide the top semicircle in the elevation into six equal parts, 
and through the points draw vertical lines to the horizontal centre- 
line AB above and to the corresponding plan line A'B' below. From 
A'B' draw lines parallel to the centreline in the plan to C'D' at the 
other end. Next project all the points on A'B' and C'D' at right 
angles to the centreline into the projection. Draw the line A"E" at 
right angles to the projected lines, and mark off E"D" equal in length 
to the vertical height ED in the elevation. Draw C"D" parallel to 
A"E''. Now, on A"B" and G"D", describe the semi-ellipses, making 
the depths on the projected lines equal to those in the sendcircle 
on AB in the elevation. Next mark off A"F" and B"G" equal to AF 
and BG, which should complete all the points in the projected view. 

To “unroir* the pattern, project all the points at right angles to 
the centreline CL of the projection. Then, tfike the true distance, 
FA, from the elevation, and, from any convenient point / on the 
projected line from F", space off the distance, /a, by stepping over 
from / to the line projected from A", Follow this up by taking one 
of the six equal divisions from the semicircle AB in the elevation, 
and from point a in the pattern mark off the next six spaces to b 
by stepping over from one line to the next, being careful each time 
to see that the ‘‘next’" line is the one projected from the “next*’ 
point on the ellipse. Now take the true distance BG from the eleva- 
tion and mark off bg in the pattern, to finish on the line projected 
from G" in the projection. Draw in the contour from / to g. The 
bottom contour from c to d may be obtained by drawing lines from 
all the points on the curve a to 6 parallel to the centreline of the 
projection. Where these lines meet the corresponding lines from the 
bottom ellipse, points will be afforded through which to draw in the 
curve. Join gd and fc. This completes the pattern. 

ORNAMENTAL BOWLS AND VASES 

Segmental mouldings form an attractive section of developments 
by the Parallel Line method. Whether the subject be curbs, down- 
spout heads, roof finials or ornamental bowls and vases, artistic 
treatment is an outstanding feature of the designs. The curves 
outlined in the elevation are generally intended to form pleasing 
contours, and in addition, in the case of bowls and vases, decorative 
tooling and chasing may still further enhance the appearance. Those 
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problems of mouldings which have already been considered in the 
First and Second Courses required only one contour for the patterns. 
Often, where the segments were all alike, the same contour repeated 
left- and right-hand gave a pattern symmetrical about a centreline. 

The illustration at Fig. 126 
represents a twelve-sided plant 
vase in which all the segments 
are similar, thus requiring one 
pattern only. This diagram 
also illustrates the effect of 
ordinary chasing and hammer- 
marking as a form of decora- 
tion. The problems presented 
in this course each require three 
different patterns, since the 
segments as shown 

in the plan at Fig. 127, are 




different. 

SEGMENTAL ROSE BOWL 

To develop the pattern for 
the segment at A, Fig. 127, 
the actual length of its centre- 
line Vfi" must first be set 
out. Tliis may be obtained 


FiQ.» 26 . 


from the outside contour l',8' 
in the elevation. First divide 


the contour into a number of parts, as at r,2',3',4',5',6',7',8', accord- 
ing to convenience. The divisions need not be equal. From these 
points drop vertical lines into the plan to cut across the segment A . 
Extend the centreline of segment A into the pattern, and on the 
extension mark off a number of spaces equal and corresponding to 
those, V to 8', marked on the contour in the elevation. Through 
the points thus marked on the centreline in the pattern, draw lines 
at right angles to the centreline. Next, from the points where the 
vertical lines from 1' to 8' cut across the sides of segment A in the 
plan, project lines into the pattern parallel to the centreline. Where 
these lines meet the corresponding cross lines at right angles, points 
will be afforded through which to draw the side contours of the 


pattern. 


Now, regarding segment in the plan it will readily be seen that 
the width from 1 to 5 is less than that from 1 to 5 in segment A. 
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Tlu'rcf )ro, before the pattern for segment B can be developed it will 
be necc\s.sary to obt lin a true contour of a cross-section at right 
angles to its axis. This contour in the illustration is projected in 



” Fig. 127. 


the direction of the arrow, parallel to its axis. To determine the true 
shape of this contour, through all those points which occur on the 
joint line between A and draw lines parallel to the outside line of 
segment J5, in other words parallel to its axis. Extend these lines 
backward to cut the joint line between B and 0, and forward to the 
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position of contour B, Draw a base line in any convenient position 
across these lines at right angles to them. Let this correspond to 
the base line below contour A in the elevation, then the height of 
each point above the base line will be the same in each contour. 
Therefore, take the vertical heights of points 2',3',4',5',6',7',8' from 
the base line in the elevation and mark these distances off on the 
corresponding lines above the base line in the projected contour. 
A curve drawn through these points will give the true form of a 
cross-section through segment B at right angles to its axis. This 
contour is similar in form to contour .A, but, it will be observed, while 
the height H is the same in each case, the width is less in contour B. 
Therefore, the actual length of the contour B will be shorter than 
that of A. 

Now, to develop the pattern, project any line at right angles to 
the axis of the segment. In this case the joint line between segments 
B and C is at right angles to the axis of segment jB, therefore the 
required line is produced from that joint line. On the projected line 
mark off the distances 1",2",3",4",5",6",7",8" equal to the spacings 
l',2',3',4',5',6',7',8' from contour B. Through the points thus 
marked off, draw lines at right angles to the projected line. Next, 
from the points on the joint line between segments A and B, draw 
lines into the pattern parallel to the projected line. Where these 
lines meet the corresponding lines at right angles, points will be 
afforded through which to draw the joint curve in the pattern. 

Again, regarding segment ( 7 , in the plan it will be seen that the 
width from 1 to 5 is still less than that from 1 to 5 in segment B, and, 
therefore, before the pattern can be developed, it is essential to pro- 
ject a true cross-sectional contour at right angles to its axis. To 
obtain this, through all the points which occur ^on the joint line 
between segments B and C, draw lines parallel to the outside line of 
segment C, Extend these lines backward to the opposite joint line 
on segment C, and forward to the position of contour C. Draw a 
base line in any convenient position across these lines at right angles 
to them, and again let this correspond to the base line below contour 
A in the elevation. Then the height of each point above the base 
line will be the same in each contour. It should be observed, how- 
ever, that the term “above,’’ in the case of contour C, means per- 
pendicular to the base line, even though the “heights” are actually 
horizontal. Take the vertical heights of points 2',3',4,'5,'6',7',8' 
from the base line in the elevation, and mark these distances off on 
the corresponding lines above the base line in the projected contour. 
A curve drawn through these points will give the required true form 
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of the contour. The actual length of this contour is still shorter than 
that of B. Now, to develop the pattern for segment ( 7 , project the 
centreline 1,5 into the pattern and mark off a number of spaces 
l'^,2",3",4",5"',6'',7",8" equal to those around contour C. Through 
these points draw lines at right angles to the centreline. Next, from 
the points on the joint lines on each side of segment C, draw lines 
into the pattern parallel to the centreline. Where these lines meet 
the corresponding lines at right angles, points will be afforded through 
which to draw the joint curves of the pattern. 

SEGMENTAL VASE 

The ornamental vase in Fig. 128 presents a similar problem of 
development to the rose bowl in the previous example. It will be 
seen that the plan is similar in form, but the elevation is quite differ- 
ent. The patterns for the segments A, B, and C are obtained in pre- 
cisely the same way, and, for this reason, only the middle one, B, is 
developed in this example. There is one point of difference in the 
plan of segment B, which makes the pattern for this worthy of fur- 
ther attention. In the previous example, the joint line between 
segments B and C is at right angles to the outside line, or axis, of 
segment B. This produces the straight line T',8'' on one side of the 
pattern. In this example. Fig. 128, the joint line is not only other 
than a right angle, but leans in the same way, or on the same side, 
as that of the opposite joint line between A and B. This produces 
contours on both sides of the pattern which curve in similar direc- 
tions instead of opposite, as they do in the patterns for A and C. 

To obtain the projected contour for segment B, number the points 
in the elevation as shown at 1,2,3,4,5,6,7,8. In this example for the 
sake of simplicity only the prominent points of the contour are num- 
bered, but it would tend to give a truer curve in the projected con- 
tour if more divisions were used. From the numbered points in the 
elevation drop vertical lines into the plan to cut the joint h‘ne between 
segments A and B. From the points obtained on this joint line pro- 
ject lines parallel to the outside line, or axis, of segment J5, producing 
them to the position of contour B, Draw the base line at right angles 
to the projected lines. Next, take the vertical heights of the points 
2,3,4, 5,6,7, 8 in the elevation and mark them off on the corresponding 
lines above the base line in the projected contour. Thus, points will 
be obtained through which to draw the curve of contour B, 

To develop the pattern for segment J5, project a line at right angles 
to the segment, and on it mark off a number of spaces equal to those 
around the contour B, as shown at l'',2^,3",4'',5",6'',7'^,8''. From 
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FURTHER PROBLEMS OF THE CENTRAL SPHERE 

There is nothing to be gained by making a problem appear more 
complicated than it need be, yet simplicity is not always obtained 
by cutting and trimming. Abbreviation should be regarded with 
care. Short cut methods are often more difficult to understand than 
fully detailed examples, particularly when the former assume a 
knowledge of principles somewhat outside the scope of the problem. 
On the other hand, it is reasonable to take it for granted that certain 
methods are understood when they have been fully discussed in 
previous problems. For instance, in Fig. 131, the patterns shown 
developed are of cylindrical and right conic frustums, and since these 
have been dealt with at some length in earlier chapters, it should be 
unnecessary to explain the pattern developments in full detail. The 
chief points of interest in these examples are the lines of intersection 
between the parts. 

The problems presented in Figs. 129 and 132a are further examples 
of intersections between cones and cylinders around an imaginary 



central sphere. This type of intersection has many interesting 
applications, not only in pipe work but also in the form of hoppers, 
hoods, and chutes. The example givenin Fig. 132represents a typical 
chute used for liquid. The particular point of importance in connec- 
tion with this class of problem is that the lines of intersection in the 
elevation are straight, which makes the solution much more simple 
than those involving curved lines of intersection. Fig. 130 shows 
three right cones intersecting around central spheres. 
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To set out the elevation of those cones, first set out the centrelines 
in their required positions ; then draw the large cone A and, on the 
point where the two centrehnes cross, describe the first circle with a 
radius which just touches the sides of the cone. Next mark off the 
apex of the second cone J5, and draw the sides of that cone so that 
they also just touch the first circle. Then the joint line between 
those two cones is a straight line between the opposite points of 
intersection, as at a,6. Now, on the point where the second and 
third centrelines cross, describe the second circle with a radius which 
just touches the sides of the middle cone B. Next, mark off the 
apex of the third cone, (7, and draw the sides of that cone so that 
they just touch the second circle. The joint line between those two 
cones will then be the straight line, c,6, between the opposite points 
of intersection. 

The example shown at Fig. 129 represents the intersection of two 
cones and a cylinder around one central sphere. Again, the centre- 
lines should first be drawn in their respective positions, in this case 
all passing through one centre. Next draw the elevation of the large 
cone A, and describe the central circle so that it just touches the 
sides of the cone. Now mark off the apex of the second cone J5, and 
draw its sides so that they also just touch the central sphere. The 
sides of the cylinder should next be drawn parallel to its centreline 
and so far apart that they too just touch the central sphere. 

The straight lines of intersection may now be located, first between 
A and B, next between B and (7, and then between C and A, respec- 
tively ab, b'c, c'a'. These three lines all cross at the same point, but 
that point is not at the centre of the sphere. The portion of each 
joint fine which forms a part of the composite intersection is shown 
in full line, while the remainder is dotted. 

TRIPLE INTERSECTION DEVELOPED 

Now referring to Fig. 131, which is a similar problem to that of 
Fig. 129, the patterns for the cones and the cylinder are treated 
independently. The semicircle on the base of the larger cone is 
divided into six equal parts. The base curve in the pattern, with the 
apex A as centre, is swung out from the base of the cone and twelve 
divisions equal to those on the semicircle are marked off round the 
curve. These points are now joined to the apex The points on the 
semicircle are projected perpendicularly up to the base of the cone, 
and from the base the points are joined to the apex. Where the lines 
cross the intersection, the points are projected horizontally to the 
outside slant of the cone, and from the outside slant the points are 
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swung into the pattern to meet the corresponding lines from the base 
curve. Thus, points are obtained through which to draw the joint 
curve in the pattern. 

To obtain the pattern for the smaller cone, a base must first be 



drawn at right angles to its centreline, as, in this case, at CD, which 
cuts through the point where the lines of intersection meet. The 
semicircle described on this base is divided into six equal parts, and 
the points projected perpendicularly back to the base. From the 
base the points are joined to the apex D, and, where the lines cross 
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the intersection, those points are projected at right angles to the 
centreline, or parallel to the base, to the outside slant of the cone. 
Then, from the apex B, the points on the slant are swung into the 
pattern. The base curve in the pattern, with the apex B as centre, 
is swung out from the base CD, and twelve divisions, equal to those 
on the semicircle on CD, are marked off round the curve. These 
points are now joined to the apex B, and where they cross the curves 
from the slant of the cone, points will be afforded through which 
to draw the joint curves as shown in the diagram. 

To “unroll” the pattern for the cylindrical connection the semi- 
circle described on the end of it is divided into six equal parts. The 
points are then projected perpendicularly back to the end, and on- 
ward to cut the intersection lines. The base line in the pattern is 
extended from the end, or base of the cylinder, and twelve divisions 
marked on it equal to those on the semicircle. From these points, 
lines are drawn at right angles to the base line. Next, from the points 
where the lines on the cylinder cut the intersection, more lines are 
projected into the pattern parallel to the base line to meet those 
drawn at right angles to it. Points should thus be afforded through 
which to draw the joint curve. The examples illustrated at (b) and 
(c) should serve well for further practice. 

AN OFF-CENTRE FUNNEL 

The example shown at Fig. 132 is a typical form of an off-centre 
funnel used for liquid passing from one point to another, as from a 
storage tank to the filling inlet of a boiler or condenser. The middle 
conical portion may, of course, be longer or more horizontal to suit 
circumstances. In this particular construction it will be observed 
that one side of the top cone forms a straight line*with the corre- 
sponding side of the middle cone. This introduces the application 
of a further principle in locating the point C on the straight line to 
which the intersection line should be joined. It has a definite position 
and only one spot will satisfy the correct solution of the problem. 
Any other point will result in the two ellipses between the cones not 
fitting correctly. 

To set out the elevation of this problem, first mark off the base 
diameter BF, of the top of the cone, and draw the straight fine at 
the required angle to form the side of the two cones. Next, draw the 
central axis of the top cone, locating the apex A, which is also on 
the straight line. The circle representing the central sphere may now 
be drawn, with a radius which will give the required size of the middle 
cone at that end. Next, the centreline of the cylindrical portion of 



THE PARALLEL LINE METHOD 


173 


the chute should be drawn at the required off-centre position, and 
the central sphere or circle described with its centre on the centreline 



fitt.U2A 


of the cylinder in such a position that it touches the straight line 
FB of the two cones. The second side of the middle cone may now 
be drawn just touching the two circles and meeting the first side in 
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apex B. This side cuts the other side of the top cone in point Z), which 
locates one end of the line of intersection. Now, to find point C, draw, 
from the centre 0 of the circle, a line at right angles to the straight 
side FAB. This will locate the point Cy which is the other end of 
the line of intersection CD. 

The development of the patterns may be followed from the direc- 
tions given for the previous example, since these also are cylindrical 
and right conic frustums. The two smaller diagrams at (h) and (c) 
are given as additional examples for practice. 

The illustration at Fig. 132a represents a “ Y” piece constructed 
on these principles, and may be regarded as a double transition piece, 
or a right- and left-hand combination of a construction similar to 
that of Fig. 130. The examples discussed in this section are only a 
few of those which are possible and practicable in the application 
of this principle of intersections round a central sphere, and many 
more may be devised to suit given conditions or to meet special 
circumstances. 



Chapter 10 
TRIANGULATION 

This is the Third Course of triangulation. As the work advances it 
is to be expected that the style of problem will emerge from the stage 
of simphcity into something requiring deeper thought and more 
careful attention. Nevertheless, the fundamental principles remain 
the same. The subsidiary principles, building up or adding to the 
work already done, form fresh view-points by means of which the 
resources of the pattern- drafter may be further increased. 

The problems of triangulation of the First Course were those of 
transformers between two parallel planes, involving only one vertical 
height in the solution. Those of the Second Course were of trans- 
formers between two planes inclined at an angle to each other, 
requiring two or more vertical heights. In this course, transformers 
between curved, angular, or complex surfaces will be dealt with, 
involving special considerations in the methods of triangulating the 
surfaces. 


OVAL-TAPERED CONNECTION TO CYLINDER 

The connecting piece shown in Fig. 133 transforms from an oval 
hole on a curved surface to the elliptical cut of the pipe above. The 
smaller diagram in the bottom left-hand corner represents a typical 
example of the practical application of this kind of problem. 

For the pattern-development, since the plan is symmetrical about 
the horizontal centreline, only one half will be triangulated. Divide 
the semicircle in the plan into six equal parts, and divide the corre- 
sponding half- oval into six equal parts. Triangulate the surface by 
drawing the zigzag line from 1 to 14, and number the points accord- 
ingly. Transfer these points vertically upwards to the base and the 
top, and join the corresponding points as in the plan. The actual 
shape of the hole in the top is an ellipse, and the true shape of this 
should be set out by projecting lines at right angles to the top edge 
from the points on it obtained from the plan. Then, cut off each of 
these hnes equal in length to the corresponding width of the circle 
in the plan. The result should give sufficient points through which 
to draw the half-ellipse as shown in the illustration, numbered from 
2' to 14'. Next, erect a vertical height line, and on to it project all 
the points on the top and bottom edges in the elevation. 

The first line in the pattern 1^2" may be taken direct from the 
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elevation, since l',2' is the required true length. Mark this off in any 
convenient position in the pattern. Next take the plan length 2,3, 
and mark it off at right angles to the vertical height along the base 
line from point 3'. Take the true length diagonal up to the top point 



level with 2', and from 2 " in the pattern swing off an arc through 
point 3". The next line in the pattern, r',3", marks an important 
step in the development. It will be seen that neither the distance 
1,3 in the plan nor l',3' in the elevation gives the true distance 
between those points. Therefore the rule of plan length at right 
angles to vertical height must be used in order to obtain the true 
length. Take the distance 1,3 from the plan and mark it off at right 
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angles to the vertical height along the base line from 1'. Take the 
true length diagonal up to the point level with 3', and from point V 
in the pattern describe an arc cutting the previous arc in point 3". 

For the second triangle take the plan length 3,4, and mark it off 
at right angles to the vertical height along the base hne from point 
3'. Take the true length diagonal up to the point level with 4', and 
from 3" in the pattern swing off an arc through point 4". The next 
true distance 2 ',4' should be taken direct from the semi -ellipse in 
the elevation, and from point 2" in the pattern, an arc described 
cutting the previous arc in point 4". 

For the third triangle take the plan length 4,5, and mark this off 
at right angles to the vertical height along the base line from point 
5'. Take the true length diagonal up to the point level with 4' and 
from point 4" in the pattern swing off an arc through point 5". Next 
take the plan length 3,5, and mark this off at right angles to the 
vertical height along the base line from point 3'. Take the true 
length diagonal up to the point level with 5', and from point 3" in 
the pattern describe an arc cutting the previous arc in 5". 

For the fourth triangle repeat thiis process with the plan length 
5,6, taking care to trianguJatc it against the vertical height between 
points 5' and 6'. The true distance 4", 6" in the pattern is then 
obtained direct from the semi-ellipse in the elevation, as from 4', 6'. 
The remainder of the pattern should be easily followed, since the 
process is the same to the end. The chief points to observe are, that 
the true distances l'',3'' to 11",13" round the base curve must be 
obtained by triangulating the plan lengths against the respective 
vertical heights, and the true distances 2",4" to 12", 14" round the 
top curve may be obtained direct from the semi-ellipse in the 
elevation. 


CORNER WALL HOPPER 

The pattern given in Fig. 134 represents a type of hopper suitable 
for the occupation of a corner of a room. The back of the hopper 
extends upwards to form a protective cover on the two sides of the 
wall, and the front of the hopper forms a quadrant, as shown in the 
plan. The hole at the back in the bottom gives access to a chute 
which passes through the floor, not shown, to convey the material 
to a receptacle below. In the plan it will be seen that the hopper is 
symmetrical about a line from the corner at the back to the centre 
at the front, as at 1,14. Assuming that the seam is to be at the front, 
from 13 to 14, it will be most convenient to divide the semicircle 
in the plan into eight equal parts instead of the usual six, and begin 
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the triangulation and system of numbering at the back. Thus 
divide the surface into triangles and number the points as shown 
in the plan, from 1 to 14. Erect a vertical height line in the elevation, 



and project the two 
heights, the hopper 
front and the mid- 
dle of the back, 
horizontally to it. 

Then, to develop 
the pattern, take 
the plan length 1,2, 
and mark it off 
along the base line 



at right angles to 
the vertical height. 
Take the true length 
diagonal up to the 
top point and mark 
off r,2' in the pat- 
tern. Next take 
the plan length 1,3, 
and mark it oft’ 
along the base line 
at right angles to 
the vertical height. 
Take the true length 
diagonal up to the 
top point and from 
pointr 1' swing off 
an arc through 
point 3' in the pat- 
tern. Next take 
the true distance 
2,3, direct from the 
plan and from point 


2' in the pattern describe an arc cutting the previous arc in point 
3'. For the second triangle take the plan length 1,4, and mark it 
off along the base line at right angles to the vertical height. Take 


the true length diagonal up to the top point, and from point 1' 
in the pattern, swing off an arc through point 4'. Next take the 
true distance 3,4 direct from the plan, and from point 3' in the 
pattern describe an arc cutting the previous arc in point 4'. 
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The next step is an important one. Point 5, as will be seen in the 
elevation, is the first point on the lower height line, level with the 
front of the hopper. The top edge of the hopper between 1 and 5 
is a quarter of an oval with the centre of its axes at 0, but for the 
purposes of development a straight line may be taken from 1 to 5. 
Then the triangle 1,4,5 is a flat piece of metal which may be trian- 
gulated into the pattern in the ordinary way, and the shape of the 
oval curve may be determined afterward. Since the triangle 1,4,5 
is in a vertical plane, and lies flat against the wall, the sides 1,4; 
and 4,5, in the elevation are true lengths. Therefore, take the dis- 
tance 1,5 direct from the elevation, and from point 1' in the pattern 
swing off an arc through point 5'. Next take 4,5 direct from the 
elevation, and from point 4 ' in the pattern describe an arc cutting 
the previousarc in point 5'. Join l',4' ; l',5' ; and 4',5'. The remainder 
of the pattern to point 14 is straightforward triangulation, and 
should be easily followed from this point. All the vertical heights 
from points 5 to 14 will take the lower height, level with point 5 in 
the elevation. 

Now, to determine the oval curve in the pattern, since 0, in the 
elevation, is the centre of the axes, that point may easily be deter- 
mined in the pattern by taking the distance 0,5 in the compasses, 
and from 5' in the pattern swinging an arc through point O'. Next, 
take 0,1 from the elevation, and from 1' in the pattern describe an 
arc cutting the previous arc in O'. Join 0',!' and O', 5'. Regarding 
these now as the semi-axes of the complete oval, the quarter- circum- 
ference may be drawn by either of the methods discussed in the 
First Course. 


THE EGG-SHAPED OVAL 

In accordance with hygienic consideiations, many large storage 
tanks and containers for industrial products are made with rounded 
comers instead of sharp, square bends or joints. Fig. 139 shows an 
outlet connection at the bottom of such a tank on a rounded comer 
of something like 6 inches radius. The connection is carefully shaped 
and welded into position. The seams are then hammered and blended 
smoothly into the tank. The plan of the connection forms an egg- 
shaped oval, and as this type of oval, so far, has not been dealt with, 
a few observations on its construction may be helpful. 

Egg-shaped ovals may be drawn in a variety of ways. They are 
generally composed of half a circle and half an ellipse. There is, 
of course, only one construction for the semicircle, apart from the 
choice of instruments used, but there are many different methods 
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of drawing ovals or ellipses, hence the variety of constructions for 
egg-shaped ovals. 

The example shown in Fig. 135 is a fairly simple method. The 
full circle ABCD is first drawn, and then the two straight lines BCF 
and DCE. Next, with centre B and radius BD, the arc DF is des- 
cribed. Similarly, with centre D and radius DB, the arc BE is drawn, 
and the point C may then serve as the centre for drawing the nose 



arc EF, The chief drawback to this method is that, since the diam- 
eters of the oval always bear the same proportion to each other, it 
cannot be used with major and minor diameters of any other ratio. 

Where the diameters are given, any of the methods of drawing 
an ordinary ellipse, either true or approximate, may be used for the 
one half of the egg-shaped oval. The illustration at Fig. 136 shows 
the half-oval drawn by the method, already dealt with, of describing 
an equilateral triangle on the major axis OB, swinging an arc AG 
from the centre 0, drawing a straight line AD through C, and making 
the line DF parallel to CO. Then F is the centre for the arc AD, and 
is the centre for the arc DB. 

Perhaps the simplest and most adaptable method of drawing an 
egg-shaped oval is that shown in Fig. 137. It is sometimes required 
to make the nose radius at the smaller end of the oval either large 
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or small to suit given conditions. Therefore, after drawing the semi- 
circle at the large end, describe the nose arc with the required radius 
EB at the other. Next, mark off this radius on the minor axis from 
A to ( 7 , thus making AC equal to EB. Join CE, and bisect it, pro- 
ducing the bisector to meet the minor axis produced in F. Then the 
point F is the centre for the arc AD, and E is the centre for the arc 
DB. The advantages of this method are that it can be used for 
diameters of any given dimensions ; the nose radius can be made to 
suit requirements ; the construction is simple and easy to remember. 
On the other hand, the method shown in Fig. 136 gives an oval curve 
closely approximating to the true ellipse, as will be seen by 
comparison with Fig. 138. 

OUTLET CONNECTION TO TANK 

In the plan of the outlet. Fig. 139, the joint line between the hori- 
zontal pipe and the oval connecting piece is represented as a circle. 
This is because the joint line occurs at 45 degrees in the elevation. 
It is, however, important to note that its true shape is an ellipse 
with its major axis from 2' to 14', and its minor axis equal to the 
diameter of the circle. The connecting piece is a transformer between 
the egg-shaped oval top to the elliptical joint line below. The oval 
top may be drawn by the method of Fig. 137, and since the plan is 
symmetrical about the horizontal centreline, only one half will be 
triangulated for the pattern. 

First, the true shape of the ellipse should be obtained on 2', 14' 
in the elevation. To do this, divide the semicircle in the plan into 
six equal parts, as from 2 to 14, and project these points vertically 
upwards to the joint line 2',14' in the elevation. From the points 
obtained on the joint line, draw lines at right angles to it, and cut 
them off equal in length to the corresponding widths of the semicircle 
in the plan. Points will thus be afforded through which to draw 
the semi-ellipse. 

Next, divide the half egg-shaped oval in the plan into six parts. 
In this case divide the quarter ellipse on the one side into three equal 
parts, as from 1 to 7, and then the remaining quadrant into three 
equal parts, from 7 to 13. Project all these points vertically upwards 
to the top edge in the elevation and number them from 1' to 13' as 
illustrated. Now triangulate the surface in the plan and elevation 
by joining the consecutive points between the top and the bottom 
by the zigzag line 1, 2,3,4, .. . . 11,12,13,14. In the elevation erect 
a vertical height line and on it project all the points on the elliptical 
joint line from 2' to 14', and also those on the top edge from 1' to 13',. 
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To develop the pattern, take the distance from the elevation, 
and, as this is the true length between those two points, mark off 



the distance 1",2" in the pattern. Next take the plan length 2,3, 
and mark it off at right angles to the vertical height along the line 
level with point 2'. Take the true length diagonal up to the point 
level with 3', and from 2'^ in the pattern, swing an arc through point 
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3'^ Now take the true distance 1,3 direct from the plan, and from V' 
in the pattern describe an arc cutting the previous arc in 3". 

For the second triangle, take the plan length 3,4 and mark it off 
at right angles to the vertical height along the line level with 4'. 
Take the true length diagonal up to the point level with 3', and from 
3" in the pattern swing an arc through point 4". Now, the true dis- 
tance between points 2 and 4 is not obtained from the plan, but from 
the first spacing round the semi-ellipse in the elevation from point 2'. 
Take this distance in the compasses, and from point 2" in the pattern 
describe an arc cutting the previous arc in point 4". 

For the third triangle, take the plan length 4,5 and triangulate 
it against the vertical height between 4' and 5' in the elevation. 
Take the true length diagonal and from point 4" in the pattern swing 
an arc through point 5". Take the true distance 3,5 direct from the 
plan and from point 3" in the pattern describe an arc cutting the 
previous arc in point 5". 

For the fourth triangle repeat this process with plan length 5,6, 
but be careful to mark it off* at right angles to the vertical height 
along the line level with point 6'. The true distance between 4 and 6 
should be taken from the corresponding spacing on the semi -ellipse. 

For the fifth and sixth triangles, repeat the process with plan 
lengths 6,7 and 7,8 ; also, take the true distance 5,7 direct from the 
plan, and the true distance 6,8 from the corresponding spacing on 
the semi-ellipse. For the seventh triangle take the plan length 8,9, 
and mark it off at right angles to the vertical height level with point 
8'. Take the true length diagonal, this time up to the point level 
with 9', and from point 8" in the pattern swing an arc through point 
9''. The next true distance from 7 to 9 cannot be obtained direct 
from the plan, since the edge now begins to curve upwards. There- 
fore, the plan length must be triangulated against the vertical height. 
Thus, take the distance 7,9 from the plan and mark it off at right 
angles to the vertical height along the line level with 7', take the 
true length diagonal up to 9', and from 7" in the pattern describe an 
arc cutting the previous arc in 9". From this point the rest of the 
pattern should be easily followed, as the procedure is similar to the 
end. Care should be taken, however, to triangulate the plan lengths 
9,11 and 11,13 against the appropriate vertical heights in order to 
obtain the true distances between those points. 

The smaller diagram in the bottom left-hand comer represents 
another practical application of the same problem, a transformer 
connection to a hood or cover with a top corner radius. The edge is 
either wired or flanged to suit requirements. 

7— (T.189) 
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AN IMPORTANT PRINCIPLE 


It would be a very simple matter to present a problem such as 
that in Fig. 143, and prepare detailed instructions so that the pattern 
could be easily developed, and yet leave important principles un- 
explained. For example, in the plan of the transformer. Fig. 143, 
the circle represents the top and the rectangle gives the plan form of 

the bottom. In triangu- 
lating an ordinary circle- 
to-rectangle transformer, 
the surface would bo 
divided up after the 
manner shown in the 




smaller figure at (a), Fig. 
142. That is, each of the 
four quadrants of the 
circle would be joined 
up to the corresponding 
corner of the rectangle. 
In the diagram at Fig. 
143 it will be seen that 
each of the four corner 
points of the rectangle 
takes only one-sixth of 
the circle. The remain- 
ing two-sixths, on oppo- 
site sides, are joined to 
the middle point of each 
side of the rectangle, as 
at point-fi, and one might 
reasonably ask why. This 
feature embodies an im- 
portant principle, which 
can best be explained by 
reference to Fig. 140. 


TRIANOULATINO A SMOOTH SURFACE 

In triangulating any transforming piece, the object should be to 
preserve a smooth surface, without introducing kinks or slight bends 
where they are not wanted. The diagram at Fig. 140 is of an ordinary 
transformer with one side, J5C', set at an angle other than 90 degrees. 
In the elevation, three lines, at x,y, and z, are represented as drawn 
horizontally round the surface of the transformer. These lines are 
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again represented in each of the plans as passing round the form of 
the body. In the first plan it will be seen that the apex of the flat 
triangular side on BC lies at the quarter point c of the circle. This 
construction makes the conical corner, Bbc, a full quarter of an obhque 
cone, similar to the opposite corner, Aah, and the plane of the flat 
triangle, BGc, forms a kink, or bend, with the conical corner along 
the fine Be. This kink can be plainly seen by an inspection of the 
contour lines as also can 

the reverse kink on the opposite 
corner Cc. 

Now, by moving the apex c 
of the flat triangle BCc round 
to a point on the circle which 
shall lie on the line OD at right 
angles to BC, the contour lines 
will present no kinks on i?c and 

Cc. This will be evident in the r fij. lAI 

second plan, where the contour 
lines pass smoothly from the 1 yAp • t- 
conical corners to the flat tri- 3 dir/eVoT 
angles between them. Hence 
the correct position of the apex 
c of the flat triangle is as shown 
in the second plan. 

Referring again to Fig. 143, 
the apex of the triangle 3,5,6 is 
placed at point 5, and not at 
the quarter point 7, in order to 
avoid a constructional kink be- 
tween the curved conical corner and the flat triangle. In this 
particular case the correct location of point 5 is not so easily 
obtained as point c is in the illustration at Fig. 140. This is 
because the base 3,6 of the triangle is not in a horizontal plane, 
but rises from 3' to 6' as shown in the elevation. The exact 
position of point 5 may be located as shown in Fig. 141, in which a 
view is projected in the direction of arrow A, or looking straight 
down the line 3', 6'. Thus, the circular top is seen as the ellipse, and 
the straight line 3 ',6' becomes the corner point 3. Half of the width 
of the transformer is marked off as from 1 to 3. 

Now, if a plane surface, say a sheet of metal, were placed with its 
edge along 3', 6', so that in the projected view it would be seen end- 
wise as a straight line, it would not be difficult to imagine that sheet 
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to be leaning against the ellipse as represented by the line 3,5, in the 
projected view. Then the point at which the sheet touches the ellipse 
is the required point 5. It will be readily seen that the position of 
point 5 will vary according to the width 1,3 of the transformer, and 
the relative size and position of the ellipse. In other words, it need 
not occupy a position such as will divide the top circle into exact 
sixths, as in this particular example. Nevertheless, this illustration 

will serve to show the impor- 
tance of shifting the position of 
the apex of the flat triangle to 
suit that of its base. 


TRANSFORMER ON ROOF 
APEX 

The type of transformer 
shown in Fig. 143 is such as 
may form the base of a venti- 
lator or other outlet on the 
apex of a roof. Since the plan 
is symmetrical about the hori- 
zontal axis, only one-half of it 
will be triangulated for the 
pattern. 

First divide the semicircle 
into six equal parts, from 2 to 
12 " 11, and join them to points 
1,3,6,9,12, as shown in the 
diagram. Erect a vertical 
height lin^ in the elevation and 



project base lines from points 3' and 6'. To develop the pattern, 
take the plan length 1,2, and mark it off at right angles to the 
vortical height along the base line level with point 3'. Take 
the true length diagonal up to the top and mark of l'^,2'" in any 
convenient position in the pattern. Next take the plan length 
2,3, and mark it off at right angles to the vertical height along 
the base line level with 3'. Take the true length diagonal up 
to the top, and from point 2" in the pattern swing an arc through 
point 3". Now take the true distance 1,3, direct from the plan, and 
from point 1" in the pattern describe an arc cutting the previous 
arc in point 3"'. For the second triangle, take the plan length 3,4 
and mark it off at right angles to the vertical height along the base 
line level with 3'. Take the true length diagonal, and from point 3" 
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in the pattern swing an arc through point 4'^. Next, take the true 
distance 2,4 direct from the plan and from point 2" in the pattern 
describe an arc cutting the previous arc in point 4"'. For the third 
triangle, take the plan length 3,5 and mark it off at right angles to 
the vertical height along the base line level with point 3'. Take the 
true length diagonal, and from point 3" in the pattern swing an arc 
through point 5". Next take the true distance 4,5 direct from the 
plan and from point 4" in the pattern describe an arc cutting the 
previous arc in point 5". For the fourth triangle take the plan length 

5.6, and mark it off at right angles to the vertical height, this time 
along the base line level with point 6'. Take the true length diagonal 
up to the top, and from point 5" in the pattern swing an arc through 
point 6". Next take the true distance 3', 6', this time, it is important 
to note, direct from the elevation and not from the plan, and from 
point 3" in the pattern describe an arc cutting the previous arc in 
point 6". For the fifth triangle, repeat this process with plan length 

6.7, being careful to mark it off against the vertical height along the 
base line level with 6'. Next, the true distance 5,7 from the plan 
should complete the triangle. 

Since the pattern is symmetrical about the line 6",7", the remainder 
of the pattern to point 12" is a repetition of this process in the reverse 
order. 


TWO-WAY BREECHES PIECE 

One might be excused for jumping to the conclusion that the limbs 
forming the breeches piece in Fig. 144 were parts of oblique cones. 
They have the appearance of such, but a little observation on the 
properties of oblique cones will show that they are not. Assuming 
that the shapes at AB and CD must be circular, these branch pieces 
can only be parts of oblique cones when AB and CD are parallel 
to each other, or when CD occupies the position of the subcontrary 
section of the oblique cone, which does not often occur, and, in fact, 
is rarely considered. The subcontrary section of the oblique cone 
was dealt with in the opening chapter of the Second Course under the 
properties of the oblique cone. Since the shapes a>t A B and CD, Fig. 
144, are to be considered as circular, the branch piece does not 
conform to the conditions of the oblique cone, and the pattern cannot 
be developed by the radial line method. The method of triangulation 
must therefore be used to obtain the pattern for this branch piece. 

Since the plan of the breeches piece, Fig. 144, is symmetrical about 
the horizontal centreline, only one half will be triangulated for the 
pattern. The base semicircle is divided into six equal parts, and the 
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points projected vertically upward' to the basc^ AB in the elevation. 
The top edge of the left-hand limb has a semicircle described on it, 
divided into six equal parts, and the points projected perpendicu- 
larly back to the edge T,13'. The points on this edge are now joined 



to the corresponding points on the base, as represented by the lines 
r,2' ; 3', 4' ; 5', 6' ; 7', 8' ; and so on. The top edge should now 

be dropped into the plan to obtain the ellipse 1,13. Detailed direc- 
tions of minor operations such as these are not given in full, as it is 
assumed that practice on these in connection with previous problems 
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will have niiulc the reader and student familiar with the mode of 
procedure. The points 1 to 13 on this ellipse in the plan are next 
joined to the corresponding points on the base circle. Thus, the lines 
drawn between the top edge and the base are now represented both 
in the plan and the elevation. So far the left-hand limb has been 
considered as a complete transformer between the full base AB and 
the top but the joint between the two branches cuts this 

on the line 8', 14'. For this reason, the lines which cross the cut-off 
must, in triangulating the surface, be considered as terminating on 
the line 8, 14, as shown at 8,10,12,14 in the plan and at 8', 10', 12', 14' 
in the elevation. Beginning at the outside point on the centreline, 
divide the surface into triangles by inserting diagonals between the 
lines already drawn, thus forming the zigzag line as shown in the 
plan at 1, 2,3,4, . . . 11,12,13,14. The zigzag line is not shown in 
the elevation for the sake of avoiding congestion of lines, but the 
corresponding points are numbered l',2',3',4', . . . ll',12',13',14'. 
Erect a vertical height line in the elevation, and project all the points 
at the top edge 1' to 13', horizontally to it, and also those on the 
joint line 8.',10',12',14'. 

To develop the pattern, the first line l',2' may be taken direct 
from the elevation, since that is its true length, and marked off in any 
convenient position in the pattern, as at 1",2". Next take the plan 
length 2,3, and mark it off along the base line at right angles to the 
vertical height. Take the true length diagonal up to the point on the 
vertical height line level with 3', and from point 2" in the pattern 
swing an arc through point 3". The next true distance 1",3" should 
not be taken from the plan, but from the semicircle on the top edge 
l',13'. The six equal divisions round the semicircle are the true 
distances required for the top edge in the pattern. Therefore, take 
one of those divisions and from 1" in the pattern describe an arc 
cutting the previous arc in point 3". 

For the second triangle, take the plan length 3,4 and mark it off 
at right angles to the vertical height. Take the true length diagonal 
up to the point level with 3', and from point 3" in the pattern swing 
an arc through point 4". Next take the true distance 2,4, direct from 
the plan, and from point 2" in the pattern describe an arc cutting 
the previous arc in point 4"^. 

For the third, fourth, fifth, sixth, and seventh triangles, repeat 
this process with plan lengths, 4,5; 5,6; 6,7; 7,8; and 8,9, being 
careful to triangulate them against vertical heights level with points 
5, '7', and 9' respectively. Also, take the true distances 3", 5"; 5'', 7"; 
7", 9", direct from the semicircle in the elevation, and the true 
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distances 4", 6" and 6", 8" direct from the corresponding distances in 
the plan. 

Now, for the eighth triangle, take the plan length 9,10, and mark 
it off at right angles to the vertical height, this time along the base 
line level with 10'. Take the true length diagonal up to the point 
level with 9', and from 9" in the pattern swing an arc through point 
10". Next, in the pattern, the true distance 8", 10" must be obtained, 
and it is important to note this change. Take the plan distance 8,10, 
which is the first spacing on the joint curve, and mark this off at 
right angles to the vertical height along the bottom base line. Take 
the true length diagonal up to the point level with 10', and from 8" 
in the pattern describe an arc cutting the previous arc in 10". 

For the ninth triangle, take the plan length 10,11, and mark it off 
at right angles to the vertical height along the second base line level 
with 10'. Take the true length diagonal up to the point level with 
11', and from point 10" in the pattern swing an arc through 11". 
Next, take a true division from the semicircle in the elevation and 
from point 9" in the pattern describe an arc cuttmg the previous 
arc in 11". 

For the tenth triangle, take the plan length 11,12, and mark it off 
at right angles to the vertical height along the third base line level 
with point 12'. Take the true length diagonal up to the point level 
with 11', and from point 11" in the pattern swing an arc through 12". 
Next take the plan length 10,12, which is the second spacing on the 
joint curve, and mark this off at right angles to the vertical height 
along the second base line level with 10'. Take the true length 
diagonal up to the point level wdth 12', and from point 10" in the 
pattern describe an arc cutting the previous arc in point 12". 

The remaining two triangles should be easily plotted by following 
these directions with plan lengths 12,13 and 13,14, and taking the 
true distances 9", 11" and 11", 13" from the semicircle in the elevation. 
The final true distance 12", 14" is again obtained by triangulating the 
plan length 12,14 against the appropriate vertical height. 

FOUR-WAY BREECHES PIECE 

The problem of the four- way breeches piece represented in Fig. 145 
is similar in general principles to the two-way example just dealt 
with, but in this case the joint line in the plan cuts across at 45 
degrees, which presents a curve in the elevation instead of a straight 
line. This curve must be determined before the pattern can b3 
developed. In this example, one limb only is considered, and ii 
regarded as a transformer between the full circular base and the top, 
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but cut off at the position of the joint lines, shown in the plan from 
6 to 14, and 14 to 15. As in the previous example, the semicircle 
of the base is divided into six equal parts, a,6,c,d,6,4,2, as also is the 
corresponding half of the top from 1 to 13. The points on the base 



and the top are then joined as in the diagram at Fig. 145, both in 
the plan and elevation. Then the points where these lines cross 
the joint line in the plan, as, for instance where the line 11,6 crosses 
the joint line in point 12, should be transferred vertically upwards 
to the corresponding lines in the elevation. Thus, the points 
6',8',10',12',14' will be obtained through which to draw the required 
joint curve. 
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One other point, X, remcains to be located. This, in the plan, falls 
on the base circle between points 4 and c, and apparently coincides 
with point 8, which is higher up on the joint line. The correct point 
is that in which the base circle crosses the joint line, and this trans- 
ferred vertically upwards to the base line in the elevation will give 
point X'. 

The method of triangulating the surface of the branch piece is 
similar to that of the previous example, and should be readily 
followed from the diagram. The development of the pattern also is 
similar and the description would merely constitute a repetition of 
the directions given for the two-way breeches piece, except that 
the joint curve in the pattern begins at point X" between 4" and 6^, 
and an extra line, needs to be triangulated between 4", 5"' 

and 5", 6". 


THE JUNCTION PIECE 

The particular type of branch piece shown in Fig. 146 should 
appeal to craftsmen who are interested in efficiency, not only from 
the constructive point of view, but also from that of easy air flow. 
The design of a branch piece is often governed by the craftsman's 
ability to visualize the requirements, and also depends a good deal 
on his skill in pattern-drafting. This design, in order to differentiate 
from the breeches piece dealt with in the previous section, may be 
called the “junction piece.” It does not contain a joint in the middle 
between the branches other than the short one from 11' to 12' in the 
elevation. The pattern is bent along the lines 8', 11' and 8', 12', which 
thus avoids the awkward curved joint which occurs in the corre- 
sponding position between the limbs of the breeches piece. This 
type of junction piece admits of a wide range oi variation to suit 
circumstances. Not only two-way junctions, but three-way, four- 
way, and even six -way pieces can be made, which may transform 
from a circular base to the circular branches at the other end, or 
from a square or rectangular base to circular branches. The problem 
given in Fig. 146 is of a two-way junction piece which branches 
equally both ways, while that of Fig. 147 is one in which one branch 
continues in the same direction as the main duct and the other takes 
out from the side. 

TWO-WAY JUNCTION PIECE 

The plan of the junction piece shown in Fig. 146 is symmetrical 
about the horizontal centreline and also about the vertical centreline. 
On this account only one quarter of the plan is triangulated for the 
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pattern. It is assumed that the setting out of the plan and elevation 
is understood. 

To divide the surface into triangles, describe a semicircle on the 
top edge of one branch in the elevation, divide it into six 

equal parts and project the points perpendicularly back to the edge. 
Drop these points into the plan to obtain the divisions on the semi- 
ellipse, and number them 1,3,5,7,9,10,11, as shown in the diagram; 
also number the opposite corner of the middle triangle, 12. Next 
divide the quarter- circle of the base into three equal parts and num- 
ber the points 2, 4, 6, 8. Now triangulate the surface by joining up the 
points as shown in the plan and elevation. It will be seen that the 
points on the quarter- circle of the base are joined to the correspond- 
ing points on the quarter- circle at the top, and from point 8 on the 
base a number of lines radiate to the other quarter- circle at the top, 
thus forming a quarter- cone. 

This method of dividing the surface into triangles should be care- 
fully noted, as it forms the basis of triangulating all kinds of junction 
piece of this class. 

Erect a vertical height line in the elevation, and project all the 
points on the top edge 1' to IT on to it. To develop the pattern, 
take the true distance l',2', direct from the elevation and mark it 
off in any convenient position in the pattern, as from 1" to 2". Next 
take the plan length 2,3, and mark it off along the base line at right 
angles to the vertical height. Take the true length diagonal up to the 
point level with 3', and from point 2" in the pattern swing an arc 
through point 3". Now, the next true distance r',3" in the pattern 
is obtained from the semicircle on the top edge in the eleva- 

tion. Since the divisions on the semicircle are equal and represent 
true distances, one of these should be marked ofT in the pattern 
from 1" to 3". For the second triangle, take the plan length 
3,4 and mark it off along the base line at right angles to the vertical 
height. Take the true length diagonal up to the point level with 3', 
and from point 3" in the pattern swing an arc through point 4 ", 
Next, take the true distance 2,4 direct from the plan, and from point 
2 " in the pattern describe an arc cutting the previous arc in point 4". 
For the third triangle take the plan length 4,5, and triangulate it 
against the vertical height. Take the true length diagonal up to the 
point level with 5', and from point 4" in the pattern swing an arc 
through point 5". Next take a true spacing direct from the semicircle 
in the elevation, and from point 3" in the pattern describe an arc 
cutting the previous arc in point 5". 

For the rest of the pattern this process should be repeated with 
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plan lengths 5,6; 6,7; 7,8; 8,9; 8,10; 8,11; 8,12, and for the true 
distances 5",7" ; 7", 9'' ; 9",10" ; 10^11", round the top in the pattern, 
the spacings from the semicircle in the elevation should be taken. 
For the remaining true distances round the bottom, the divisions 
4,6 and 6,8 should be taken direct from the plan. 

STRAIGHT-BACKED JUNCTION 

The particular feature of the junction piece shown at (a). Fig. 
147, is that its back maintains a straight line with the direction of 
the main duct. This has advantages in relation to air flow, and also 
favourable points in construction. It also has a pleasing appearance 
when made up, and, while this point may not be regarded as of 
economical value, it is, nevertheless, a point well worth consideration. 
However, it is a minor point compared to its other advantages. 

The plan in this case is symmetrical about the horizontal centre- 
line, but not about the vertical. One half is therefore triangulated 
for the pattern. Describe a semicircle on the top edge of the branch 
which is set at an angle, divide it into six equal parts and project the 
points perpendicularly back to the edge. Drop these points into the 
plan to obtain the ellipse, and also the divisions on it from 12 to 21. 
Divide the corresponding semicircle of the other branch into six 
equal parts and number the points 1 to 11 as shown in the diagram. 
Also divide the corresponding half of the base into six equal parts 
and number the points 2,4,6,8,16,18,20, in the order shown. Now 
triangulate the surface by joining up the points as shown in the 
diagram. The elevation is also correspondingly divided up to help 
in making the method more clear. It is similar to that of the pre- 
vious problem, although it may appear a little more complex. 

Erect a vertical height line in the elevation and -project all the 
points on the edge 12',21' on to it. To develop the pattern, take the 
true distance l',2' direct from the elevation, and mark it off in any 
convenient position in the pattern, as at 1",2'". Next, take the plan 
length 2,3, and mark it off along the base line at right angles to the 
vertical height. Take the true length diagonal up to the top point, 
and from point 2" in the pattern swing an arc through point 3". Now 
take the true spacing 1,3 direct from the plan, and from point 1 " in 
the pattern describe an arc cutting the previous arc in point 3". For 
the second triangle, take the plan length 3,4, and mark it off along 
the base line at right angles to the vertical height. Take the true 
length diagonal up to the top point, and from point 3'' in the pattern 
swing an arc through point 4". Next, take the true distance 2,4, 
direct from the base semicircle in the plan, and from point 2" in the 
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pattern describe an arc cutting the previous arc in point 4''. For the 
third triangle, repeat this process with plan length 4,5, and also with 
the true distance 3,5 direct from the plan. 

There are nineteen triangles in all, but if this process is followed 
carefully, no difficulty should be experienced in completing the 


o 




pattern, since the process is the same right through. Care should be 
exercised, however, in the second half of the pattern from 12" to 21", 
to take the true lengths against the vertical height up to the corre- 
sponding points level with those on the edge 12', 21'. 

THREE UNITS IN ONE 

Geometry as a source of economy or efficiency in sheet metal work 
is a very effective means of saving time. Efficiency is execution with 
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ease and simplicity ; a branch piece, easy to make, which transforms 
from a square or rectangle to two or three circles, and adjusts the 
area to suit, all in one unit, is an example of this. 

The branch piece shown in Fig. 148 (a) embodies three units in 
one, and transforms from a square at the base to two circles at the 
other end. The common method of achieving the same object is 
to make a square -to- circle transformer, take out the branch in the 
form of an oblique stump, and then adjust the area by inserting a 

reducing cone. This is 
. > illustrated in Fig. 148 (6). 

I ' / I ! I ‘ — w There is less work in the 

I ' / i I i I ' > transformer branch piece 

I • f \ • y/// I j // 3,t {a) than in the three 

!■'/ 
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SQUARE-TO-CmCLE TWO-WAY JUNCTION 

The problem shown in Fig. 149 is of a straight-backed junction, 
and is not unlike a double tallboy transformer, but there is no joint 
between the limbs other than a short seam at the top of the middle 



TRIANGULATION 


199 


triangles, as from 10' to 11'. The pattern is b^nt along the lines 
7", 10" and 7", 11", and then shaped and formed so that the seams 
come in the positions of the lines 1",2" and 18", 19". 

Preparatory to developing the pattern, describe the semicircle 
on the top edge of the limb, which is incUned at 30 degrees, divide 
it into six equal parts and project the points perpendicularly back 
to the edge. Drop the points on the edge vertically into the plan to 
obtain the corresponding points 11 to 18, on the ellipse. Now divide 
the plan into triangles as shown in the diagram, and number the 
points from 1 to 19. Erect a vertical height line in the elevation, and 
project all the points, 11' to 18', on the inchned edge horizontally 
on to it. 

To develop the pattern, take the vertical depth l',2', direct from 
the elevation, and mark it off in any convenient position in the 
pattern, as at 1",2". Next take the plan length 2,3, and mark it off 
along the base line at right angles to the vertical height. Take the 
true length diagonal up to the top, and from point 2" in the pattern 
swing an arc through point 3". Now take the true distance 1,3 direct 
from the plan, and from point 1" in the pattern describe an arc 
cutting the previous arc in point 3". For the second triangle, take 
the plan length 3,4, and mark it off along the base line at right 
angles to the vertical height. Take the true length diagonal up 
to the top, and from point 3" in the pattern swing an arc through 
point 4". 

Next take the true distance 2,4, direct from the plan and from 
point 2" in the pattern describe an arc cutting the previous arc in 
point 4". For the third triangle, take the plan length 3,5, and mark it 
off along the base line at right angles to the vertical height. Take the 
true length diagonal up to the top, and from point 3" in the pattern 
swing an arc through point 5". Next take the true distance 4,5, direct 
from the plan and from point 4" in the pattern describe an arc 
cutting the previous arc in point 5". 

The remainder of the pattern should not be difficult to develop 
from this point if the method is carefully followed . The true spacings 
along the top of the pattern from 2" to 11", are taken direct from the 
plan, but the remaining true distances from 11" to 18" are obtained 
from the semicircle on the top edge of that limb in the elevation. 
Also, the true distances along the bottom of the pattern, from 1" to 
19", are taken direct from the plan. One other word of caution : the 
plan lengths in the second part of the problem must be triangulated 
against the appropriate vertical heights from the top edge 11 ',18' 
in the elevation. 
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THREE-WAY JUNCHON, RECTANGLE TO CIRCLE 

The problem of the three-way junction piece, transforming from 
a rectangle to three circles, as shown in Fig. 150, illustrates how this 
method may be extended, even to junctions of four or more branches. 
The pattern-development is much the same as for the two-way junc- 
tion, but in this case the plan is symmetrical about the horizontal 

and also the vertical 
centre lines, and there- 
fore only one quarter 
is triangulated for the 
pattern. 

As in the previous 
problem, describe a 
semicircle on the top 
edge of the limb, which 
is inclined at an angle, 
divide it into six equal 
parts and project the 
points perpendicularly 
back to the edge 2', 10'. 
Drop the points on the 
edge vertically into the 
plan to obtain the 
corresponding points, 
2 to 10, on the ellipse. 
The quarter- circle 11,14 
should now be divided 
into three equal parts, 
and the surface of the 
junction divided into 
triangles by numbering 
the points from 1 to 15 
as shown in the dia- 
gram. Erect a vertical 
height line in the eleva- 
tion, and project all the points on the edge 2', 10' on to it. 

To develop the pattern, take the true distance l',2' direct from the 
elevation and mark it off in any convenient position in the pattern, 
as at r',2". Next take the plan length 2,3, and mark it off along the 
base line at right angles to the vertical height. Take the true length 
diagonal up to the bottom point level with 2', and from point 2" in 
the pattern swing an arc through point 3". 




,id\\ \r ly 14 " 
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Now take the true distance 1,3 direct from the plan, and from point 
1" in the pattern describe an arc cutting the previous arc in point 3 ". 
For the second triangle, take the plan length 3,4, and mark it off 
along the base line at right angles to the vertical height. Take the 
true length diagonal, this time up to the point level with point 4', 
or the second point up, and from point 3" in the pattern swing an 
arc through point 4." The next true distance, 2",4", should not be 
taken from the plan but from the semicircle on 2', 10' in the eleva- 
tion. Take one of those spacings and from point 2" in the pattern 
describe an arc cutting the previous arc in point 4". For the remainder 
of the pattern, follow this method carefully, making sure of each 
true length against the appropriate vertical height. 

There is one point, however, which may give rise to query, and that 
is the position of point 7 on the side of the rectangular base. Unless 
special considerations determine otherwise, the combined areas of 
the circles at the top should be equal to the area of the rectangle at 
the base. The distance 3,7 should be such that the area enclosed by 
that and the width across the base is equal to the area of the circular 
branch which it subtends. Thus, the full rectangular base is, in 
effect, divided into three smaller rectangles, of areas corresponding 
to those of the circular branches above. The position of point 7 is 
therefore determined by the relative areas of the branches. 
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Chapter 11 

METHOD OF CUTTING PLANES 

Methods of pattern-drafting have, up to now, received a good deal 
of attention and, it is hoped, elucidation. In this Fourth Course of 
geometry applied to sheet metal work, the solution of problems of 



(b) 



(0 (d) 


Fig. 151 

intersection and interpenetration will be dealt with on systematic 
lines, emphasizing the injportance of similarity of method. 

The determination of the joint line between two intersecting 
bodies is not always an easy problem, and in practice accuracy is 
often dismissed in favour of a guess. While approximation may 
sometimes pass with credit where the shape of an edge is not impor- 
tant, it does not generally pay when joint lines of mathematical 
precision have to be dealt with. Take, for example, the line of inter- 
section .between a cone and a cylinder, as represented in the diagram 
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at Fig. 151. The joint line between a given pair of intersecting bodies 
forms a definite contour which can be determined accurately. The 
shape of the curve is an exact line from which deviation cannot be 
made without error. Therefore, when a pattern for an intersecting 
body is drafted by guesswork either it must be carefully trimmed 
so that the joint curve ultimately reaches its correct form, or the 
intersecting bodies must be distorted to allow the faulty joint lines 
to meet. Trimming is too easily overdone and is apt to finish on the 
wrong side of the line. 

VARYING LINE OF INTERSECTION 

Although a cone and cylinder intersecting under given conditions 
produce a definite joint line, the form of that line will vary according 
to the relative positions of the central axes. The importance of this 
will be seen by reference to Fig, 151. The side view in the top left- 
hand position (a) shows a cone and a cylinder as seen endwise. The 
cylinder is shown with its central axis in three different positions. 
In the bottom position the cylinder penetrates the cone. In the 
middle position the cylinder and cone intersect tangentially, that is, 
the circle representing the cylinder just touches the sides of the cone. 
In the top position the cone penetrates the cylinder. The other 
diagrams at (b), (c), and (d) show front views of the three different 
positions and illustrate the effect on the form of the joint line. 

CLASSIFICATION OF METHODS 

Before the pattern can be developed the line of intersection must 
be determined. In much the same way that methods of development 
can be classified under the Radial Line method, the Parallel Line 
method, and Triangulation, so the processes of determining lines of 
intersection can be grouped under the Method of Cutting Planes, 
the Method of Projection, and the Method of Concentric Spheres. 
The principles on which these are based may be used in solving any 
problem of intersection. When examples are treated as independent 
problems, the processes are often trimmed so that they bear no re- 
semblance to one another nor to any general method. It is, however, 
better to follow a systematic study, in which similarities are empha- 
sized even though it involves a few more lines and a little extra 
work. The reward is a clearer understanding and greater facility 
in application. A number of problems of intersection have already 
been dealt with, such as pipe tee pieces and intersection around a 
common central sphere. The latter, however, should not be confused 
with the Method of Concentric Spheres mentioned above. 
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METHOD OF CUTTING PLANES 

When a regular geometrical body is cut by a plane, a definite form 
is presented at the cutting plane. For example, when a cone is cut 
by a plane parallel to its slant, as at OJ5, Fig. 152, the form of the cut, 
or the section at the cutting plane, is a parabola. When the cutting 


Y 



plane occurs in any position in clockwise rotation from point O, the 
form of the cross-section is a hyperbola. When the cutting plane 
occupies any position in anti-clockwise rotation from point 0, the 
form of the cross-section is an ellipse. It will be observed, however, 
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that when the cutting plane is at right angles to the central axis 
of the cone, as at 07), the form of the cut is a circle. This occurs 
among the ellipses, and the circle may be considered as an ellipse 
with equal axes. 

In the case of a cylinder, any cutting plane parallel to its central 
axis will present a rectangular section, but a cutting plane inclined 
at an angle, or cutting across the cylinder will present an ellipse. 
Here again, the cross-section at right angles to the central axis is a 
circle, and may be considered as a special form of ellipse. 

The sphere presents a circle 
when cut through in any 
position or in any direction 
by a plane. 

Suppose now that a 
cylinder penetrating a cone 
be severed by a cutting plane 
which passes through both 
bodies, as illustrated in Fig. 

153. The circular edge of the 
conic section will meet or 
cross the rectangular edge of 
the cylinder in four points, 
as at a,6,c,d. This fact forms 
the basis of the method of. Fig. 153 

cutting planes in solving 

problems of intersections. The application of this principle is illus- 
trated in Fig. 154, in which front and side elevations and a plan are 
given of the interpenetration of a cone and cylinder. In this example 
it is intended to show that a point on the line of intersection may be 
correctly located no matter in what direction through that point 
a cutting plane be taken. In solving a problem, however, the cutting 
planes will be taken in the most convenient positions for easy 
solution. 

In the front elevation. Fig. 154, three cutting planes are shown 
at AA, BB, and CC. Taking first the horizontal plane through A A, 
which passes through one of the division points on the semicircle 
at the end of the cylinder, it will readily be seen that the plan of the 
cylinder at the position of the cutting plane will be a rectangle, as 
shown by the chain dotted lines at A'A\ and the plan of the cone at 
the same cutting plane will be a circle as represented at a'a\ The 
circle cuts the rectangle in four points, one of which is marked X. 
If these four points are now projected vertically upwards to the 
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cutting plane A A, in the elevation, they will give two points thereon, 
each of which lies on a curve of intersection. 

For the purpose of following up this explanation, only one of those 



points, that marked X, will now be considered. Suppose that, in- 
stead of the horizontal cutting plane AA, the vertical cutting plane 
BB were taken. The “full face” view of this cutting plane must be 
projected into the side elevation, and here the form presented by 
the cone is the hyperbolic curve B'b'B\ and the cylinder presents 
the full circle. If now the points in which the hyperbola crosses the 
circle be projected back to the cutting plane BB in the front eleva- 
tion the same point X will be located. 

Again, suppose that yet another cutting plane, CC, be taken 
through X, inclined at any angle. The “full face” view of the 
cross-sections of the cone and cylinder is projected at right angles to 
the plane CC, and- the form presented by the cylinder is that of the 
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longer ellipse C'C\ while the shape of the cone is represented by the 
shorter ellipse c'c' , It will be seen from the diagram that the points 
in which the two ellipses cross, when projected perpendicularly back 
to the cutting plane CC, give points on the intersection curves. 
Thus the point X in the elevation could again be located from 
this projection. 

It can be shown that point 
X on the intersection curve in 
the elevation could be located 
by a projection on any other 
cutting plane passing through 
that point. The important 
condition to remember is that 
the true form of the cone and 
cylinder at the position of the 
cutting plane must be repre- 
sented in the projection. Then 
the points of the crossing must 
be projected perpendicularly 
back to the cutting plane to 
locate the point on the joint 
curve. 

CONICAL BASE OF AN 
AIR FILTER 

Of the three methods by 
means of which all problems of 
intersection may be solved, that of cutting planes is perhaps the most 
adaptable. In applying this method to the determination of the joint 
line between a cone and a cylinder, a series of planes, not necessarily 
horizontal nor parallel to each other, are supposed to cut through 
both bodies. At each cutting plane two or more points may be located 
which lie on the line of intersection. The principles underlying 
this method have already been explained in connection with Fig. 
154, and may now be applied in solving such problems as that 
represented in Fig. 155, which is the conical base of an air filter. The 
inlet pipe enters the cone tangentially, and also horizontally or 
parallel to the upper base of the cone. 

CONE AND CYLINDER, TANGENTIAL INTERSECTION 

The problem given in Fig. 156 is similar to that of the air filter 
base, except that it is downside up and the inlet pipe is relatively 
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larger. These differences do not alter the problem, but assist in mak- 
ing the processes of solution clearer to follow. It will be observed in 
Fig. 156 that the patterns are drafted from the front elevation. The 



correct form of the joint line in that view must therefore be deter- 
mined prior to developing the patterns. The position of the cylinder 
relative to the cone is determined from the side elevation. The 
diameter of the cylinder and the height from the base of the cone are 
usually given. The horizontal position OG must then depend on the 
tangential relation of the cone to the cylinder. This condition cannot 
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be obtained from the front elevation nor from the plan, and as it is 
essential to locate in the plan the correct off-centre position OC of 
the cylinder relative to the central axis of the cone, the side elevation 
is important. 

Nevertheless, the full side elevation may be dispensed with and 
the necessary off-centre distance obtained from the front elevation 
by treating the left-hand half of the cone as a side view. Thus, the 
point C may be obtained in the front elevation by marking off the 
radius of the cylinder at right angles to the side of the cone so that 
it cuts the centreline CL in point G. Then CO is the off-centre dis- 
tance required, which should be used in the plan to mark off the 
distance OC for the centreline of the cylinder. 

Having now determined the position of the cylinder in the eleva- 
tion and plan, describe semicircles on the end of the cylinder in both 
views. It must be remembered that these semicircles really represent 
projected views of the circular end of the cylinder. Therefore, in 
numbering the points from 1 to 7 in the elevation, as shown in the 
diagram, it will be seen that those same points in the plan must 
bear the numbers in the positions shown. That is, the top point 1 
in the elevation occupies the middle position in the plan, as at 1', 
and the other points, proceeding outwards both ways to point 4' 
at each end, double back over the same points to reach the middle 
again in point 7'. 

From each of the points 1 to 7 in the elevation, draw horizontal 
lines right through to the other side of the cone. Let these lines 
represent cutting planes through both bodies. The plan of the cone 
at each of these cutting planes will be a circle, and the diameters 
may be obtained by dropping lines from points 1,2, 3,4,5, 6,7 on the 
side of the cone vertically downwards to the horizontal centreline 
in the plan. From the centre 0 of the cone in the plan, circles may be 
drawn from these points to represent the cutting planes. In the 
diagram at Fig, 156 three-quarter circles only are drawn, which is 
sufficient for this problem. The next step in the plan is to draw lines 
on the cylinder parallel to its axis from the points on the semicircle 
at the end. These lines determine the plan of the cylinder at the 
various cutting planes. For example, consider the cutting plane 
3,3 ; at this cutting plane in the plan the two lines drawn from points 
3' and 3' represent the plan width of the cylinder at that plane. 
Similarly, the two lines drawn from points 6' and 6' represent the 
plan width of the cylinder at cutting plane 6,6, and so on. 

The points of intersection in the plan may now be located. Start- 
ing in the elevation at cutting plane number 1 on the side of the 
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cone, follow the line down into the plan and round the circle to the 
point where the circle intersects the Jino drawn from point 1 . Mark 
that point of intersection as number 1''. N^ow repeat this process by 
following the line from point 2 in the elevation down into the plan 
and round the circle to the points where the circle intersects the two 
lines drawn from points 2' and 2'. Mark these points 2" and 2". This 
process should be repeated from the remaining points 3, 4, 5, 6, 7 in 
the elevation. A line now drawn through the points thus obtained 
in the plan will give the form of the joint line. With a little practice 
in locating these points, the process of following the lines down from 
the elevation will become unnecessary, as they may be marked off 
easily in the plan at sight. 

The line of intersection in the elevation may now be obtained from 
that in the plan. The points on the intersection line in the plan 
should be projected vertically upwards to the corresponding cutting 
planes in the elevation. Thus, points 2" and 2" in the plan should be 
projected upwards vertically to the cutting plane 2,2, and points 
3" and 3" in the plan should be similarly projected to cutting plane 
3,3. Each of the remaining points on the intersection line in the plan 
should be treated likewise, thereby obtaining sufficient points in the 
elevation to draw in the form of the line of intersection. 

The pattern for the cylindrical part may now be “unrolled” in 
accordance with the parallel line method of development. The points 
on the line of intersection should be projected into the pattern to plot 
the contour of the joint line as shown in the diagram. The pattern 
for the conical part should present no difficulty, except, perhaps, 
in the shape of the hole which forms the joint line with the cylinder. 
To determine the contour of this hole, describe an arc from each of 
the points 1,2,3,4,5,6,7 on the side of the cone, using the apex A as 
centre. These arcs represent the form and positions of the cutting 
planes in the pattern. Draw the radial line AB from the apex A 
through the arcs to the base line of the cone. Let this line represent, 
in the pattern, the position of the line A'B' from the plan. Since, 
from the line A'J5' in the plan, the distances round the curves to the 
points 1",2",3",4",5^,6'',7" are true lengths, these true distances 
should be marked off from AB round the corresponding curves in 
the pattern. A line drawn through these points will give the contour 
of the hole. 

When the principles involved in this method of solving problems 
of intersection are properly understood, much of the constructional 
detail may be omitted, but abbreviation is not advisable until such 
principles can be applied with confidence. 
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A SHORT-CUT METHOD 

The method of Holving the problem given in Fig. 157 is based on 
that of cutting planes, but the arrangement of the constructional 
details considerably shortens the work in the solution. This problem 
is similar to that of Fig. 156, except that the cylinder is on-centre 
with the cone, and the solution is therefore somewhat more simple. 



The semicircle on the end of the cylinder is divided into four equal 
parts instead of six, and numbered 1,2, 3, 4,5. Lines froni points 2,3, 
and 4 are projected horizontally back to the centreline of the cone. 
The resulting points 2", 3", 4" on that centreline are used respectively 
as centres for describing the arcs ah, cd, ef. Also, points 2',3',4' are 
used respectively as centres for describing the quadrants 2,3' ; 3,5 ; 
4,6. The arc ab cuts the horizontal line produced from the quadrant 
2,3' in point b. Project point b vertically upwards to line 2,2", which 
thus locates a first point on the intersection line. The arc cd cuts the 
horizontal line produced from the quadrant 3,5 in point d. Project 
point d vertically upwards to the line 3,3", which thus locates a sec- 
ond point on the intersection line. The arc ef cuts the horizontal 
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line produced from the ^quadrant 4,6 in point /. Project point / 
vertically upwards to the line 4,4", which thus locates a third point 
on the intersection line. A curve now drawn through these points, 
as shown in the diagram, will give the form of the joint line. The 
pattern for the cylindrical part may now be “unrolled” in the usual 
way. To plot the contour of the hole, describe arcs from the 
corresponding points on the opposite side of the cone, as shown 
in the diagram. Draw a centreline AB to cross the series of arcs, 
and measure off along the curves on either side of the points 
a',c',e', distances equal in length to the arcs ah, cd, ef. A curve 
drawn through the points thus obtained will give the contour of 
the hole. 

That this solution is based on the method of cutting planes may bo 
seen from the following observations. The curves ab, cd, and ej 
constitute portions of the plan of the cone at the positions of the 
cutting planes 2,2" ; 3,3" ; and 4,4". The perpendicular distances of 
points b,dy and / from the respective cutting planes constitute the 
semi-width of the plan of the cylinder at those cutting planes. There- 
fore, the vertical projection of those points back to the corresponding 
planes locates points on the line of intersection. This short-cut 
method, as given in Fig. 157, applies only to the right cone inter- 
sected by a cylinder which has its centreline passing through that of 
the cone. It cannot be apphed in any simplified form to the tangen- 
tial problem of Fig. 156, and should be regarded, like all short-cut 
methods, as a special appheation. 

METHODS OF GENERAL APPLICATION 

However unlikely it may seem that some problems of intersection 
find application in sheet metal work, the unexpected sometimes 
happens. When this occurs undue delay or difficulty may be avoided 
if it can be seen that the solution depends on principles common to 
many other examples. The study of a method which has a general 
appheation is more profitable than any attempt to memorize the 
solutions of individual problems, and, with this in view, particular 
attention is given to the method apphed in working the following 
solutions in preference to simphfication by short cuts. Most attempts 
to simplify the solution of a problem result in either an incorrect 
method or an abbreviation which makes the solution applicable only 
to that problem. The former is inexcusable and the latter involves 
undue tax on the memory. 

The problems of intersection of the right cone and sphere, and 
the oblique cone and sphere, given in Figs. 159 and 160, are solved 
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by the method of cutting 
planes. It is important to 
observe, in the example of the 
right cone and sphere, that the 
central axis of the cone does 
not pass through the centre of 
the sphere. When the con- 
dition occurs that the axis of 
the cone does pass through the 
centre of the sphere, the inter- 
.section line is a circle whose 



Fig. 158 


plane is at 
right angles to 
the central 
axis of the 
cone ; thus, 
the cone is 
complete and 
no problem 
of intersection 
arises. 

The illustra- 
tion at Fig. 
158 is a pic- 
torial example 
of the problem 
given in Fig. 
160. 

CONE AND 
SPHERE 
INTER- 
SECTION 

The first 
part of the 
problem pre- 
sented in Fig. 
159, before 
the pattern 
can be devel- 
oped, is to 
determine the 





214 


THE GEOMETRY OF SHJfiFT METAL WOBK 


line of intersection in the elevation. The cone f,Aya' is shown 
penetrating the dome, the extreme points of contact occurring at 
a and/. Between the point a and f, four horizontal cutting planes, 
1,1'; 2,2'; 3,3'; 4,4', are drawn in any positions, cutting through 
both bodies. The plan of the cone and the plan of the sphere are 
both circles at each of these cutting planes. In the diagram at 
Fig. 159, a half-plan of the sphere is given, and the plans of the 
cutting planes are obtained by dropping vertical lines from the 
points r,2',3',4' to the horizontal centreline of the sphere in 
the plan, and describing arcs or semicircles, using point 0' as 
centre. The corresponding plans of the cone and the cutting 
planes are obtained by dropping vertical lines from points 1, 2,3,4 
to the horizontal centreline of the sphere in the plan, and 
describing arcs or semicircles, this time using point A' as centre. 
These arcs intersect the corresponding arcs from points l',2',3',4' 
in pdints 6,c,d,e in the plan. From these points of intersection, lines 
are projected vertically upwards to the respective cutting planes 
in the elevation, thus obtaining points 6,c,d,e, which occupy positions 
on the joint curve, or line of penetration. A curve now drawn from 
point a, through 6,c,d,e to /, gives the required form of the line of 
intersection. 

To develop the pattern for the cone, describe a senaicircle on the 
base /,a\ Next, from the apex A, draw lines on the cone through 
points hfCydyC to the base f,a\ From the points obtained on the base 
draw perpendicular lines to cut the semicircle in points 6',c',d',e'. 
These points on the semicircle represent the plan positions of the 
points on the base line/, a'. Now, from the apex A, swing out the 
base curve into the pattern, and mark off the spacings a",6" ; 5",c" ; 
c",d"; d",e"; e",/" equal to the corresponding spacings round the 
semicircle, and proceed to repeat them in the reverse order for the 
other half of the pattern. These spacing are not equal. From points 
a",6",c",d",e" draw lines to the apex A. In accordance with right 
conic principles, project lines parallel to the base/,a' from the points 
a,6,c,d,6 on the joint line to the outside slant of the cone. It so 
happens that these lines coincide with those of the cutting planes 
already there; thus, points u, 1,2,3, 4,/ are those required. Then, 
from these points, using the apex A as centre, swing arcs into the 
pattern to meet the corresponding radial lines from the base curve. 
Through the points of intersection draw the intersection curve as 
shown in the diagram. The remainder of the pattern is straight- 
forward right conic development and should present no difficulty. 
The two smaller diagrams at (6) and (c) are given as extra examples 
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for practice, nince the lines of intersection may bo obtained in 
precisely the same way. 

OBLIQXJE CONICAL HOPPER ON SPHERICAL DOME 

The problem represented in Fig. 160 is that of an inverted oblique 
cone penetrating a spherical dome. The line of intersection occurs 



from a to e in the elevation, which must be determmed before the 
pattern can be developed. 

First complete the oblique cone by producing its sides a\a and €',e 
to meet at the apex A . Next draw its centreline C,A from the centre 
C of the base a',6' to the apex A, A number of cutting planes may 
8 — (T.189) 
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now be drawn in any position. In the diagram three cutting planes 
are shown at 1,1' ; 2,2' ; 3,3', which cut the centreline pf the oblique 
cone in points x,y,z. In this problem it is important to note that 
while the plan of the oblique cone at each cutting plane is a circle, 
the centres of these circles fall in dilferent positions corresponding 
to the plan positions of x,y,z. These centres in the plan are shown at 
x\y\z\ The radii of these circles correspond to the distances x,\ ; 
y,2 ; 2,3 ; in the elevation. Therefore, to obtain the plan circles of 
the oblique cone at the cutting planes, drop vertical lines from the 
points 1,2,3 to the horizontal centreline in the plan, and describe 
arcs from the respective centres. Next, drop vertical lines from the 
points at the opposite ends of the cutting planes T,2',3' to the hori- 
zontal centreline in the plan, and describe arcs, using O' as centre, 
to obtain the plan circles of the sphere at the cutting planes. The 
arcs from points 1,2,3 cut the corresponding arcs from l',2',3' in 
points hyCyd in the plan. Project these points vertically upwards to 
the respective cutting planes to obtain points 6,c,cZ in the elevation. 
The line of intersection may now be drawn from point a, through 
points hyCyd to e. 

To develop the pattern for the oblique cone, describe a semicircle 
a',e' on its base to serve as an inverted plan. From the apex Ay draw 
elevation lines on the cone through points 6,c,d on the line of inter- 
section to the base a',e'. From the points obtained on the base, 
project perpendicular lines to meet the semicircle in points 6',c',d'. 
Now, the apex A in the inverted plan will fall in the position a', 
and lines drawn from a' to the points b',c\d' on the semicircle 
represent the plan lines of those already drawn in the elevation 
through points 6,c,d. In accordance with oblique cone development, 
from the plan apex a' swing arcs from points b'yc'yd', round to the 
base a',e', and then from the apex Ay swing arcs from each of these 
points, together with arcs from the extreme points a' and c', into the 
pattern. Now, take from the semicircle the distances a\b ' ; 6',c' ; 
c',d'; d'ye' which are not equal, and, beginning at any convenient 
point a" on the arc from a', mark off the distances a", 6" ; 6",c'' ; 
c''yd" ’y d",e", stepping over from one line to the next. Proceed to 
repeat these spacings in the reverse order to point a" at the other end 
of the pattern. A line drawn through these points from a" to a" 
will give the base curve in the pattern. Draw lines from each of the 
points on the base curve to the apex A, 

The next step is to determine the intersection curve in the pattern. 
From the points on the base line a\e'y which were obtained by des- 
cribing arcs from points b\c\d'y on the semicircle, draw lines to the 
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apex A . These lines are the true length lines of the elevation lines 
already there. Thus, the elevation line from point c' is that which 
passes through point c on the line of intersection, and its correspond- 
ing true length line is that drawn from the point on a',e', where the 
arc from c' falls. Now, the true length of the portion from A to c 
is found by taking the point c horizontally across to the true length 
line. The other true lengths of the portions A,b and A ,d are obtained 
in the same way by projecting points b and d horizontally across to 
the corresponding true length line. In 
the diagram at Fig. 160, these horizontal 
connecting lines are shown in full black 
lines. Arcs from the points thus 
obtained on the true length lines should 
now be swung into the pattern, using 
the apex A as centre, together with 
arcs from the two extreme points a 
and e. Where these arcs meet the 
respective radial lines from the base 
curve, points will be obtained through 
which to draw the intersection curve 
in the pattern. 

INTERSECTION OF TWO RIGHT 
CONES 

The intersection of two right cones, 
a popular problem in advanced sheet 
metal geometry, falls to the method of 
cutting planes for the determination of 
the lines of intersection. Although, 
when the problem is presented in full, it appears to be somewhat 
complicated, the solution should offer little difficulty if the principles 
involved in the method of cutting planes and in right conic 
development be carefully borne in mind in following the working. 
The complete solution is best taken in two stages. First, the deter- 
mination of the joint lines and, second, the development of the 
patterns. The illustration at Fig. 161 represents a vertical cone 
penetrated by an inverted cone somewhat smaller in size. This 
problem does not offer the simple solution obtained by the inter- 
section of cones around a common central sphere, as dealt with 
in an earlier section. 

As a preliminary to this problem, the method of obtaining the 
plan of a cone cut off at an angle, as illustrated in Fig. 162, will be 
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dealt with first. The circle in the plan, representing the base of the 
cone, is divided into twelve equal parts, and the points 1' to T on 
the top half are projected vertically upwards to the base of the cone 
in the elevation. From the points 1 to 7 obtained on the base, lines 
are drawn to the apex A. These surface lines in the elevation are 
represented in the plan by joining the points on the circle to the 
centre A\ Now, where the cutting plane in the elevation crosses the 




surface lines, the resulting points a,6,c,d,c,/,gr should be dropped 
verticaUy downwards to cut the corresponding lines in the plan, as 
at a',6',c',d',e',/',gr'. Similar points, symmetrically 

opposite in the bottom half of the circle, will afTord sufficient points 
to enable the full ellipse to be drawn in. The elhpse represents the 
plan of the cone at the cut-oflF. 

In the problems of cutting planes previously considered, the 
cutting planes have been horizontal, or all parallel to each other. 
In this problem the cutting planes are neither horizontal nor parallel 
to each other. However, there is no difference in the method of 
solution, so that, except for the exercise of a little more care, no 
extra groundwork has to be considered. 

Referring to Fig. 163, a semicircle is described on the base of the 
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inverted cone in the elevation, divided into six equal parts, and the 
points projected perpendicularly back to the base. From the points 
on the base, lines are drawn to the apex A, These represent the usual 
lines drawn on the surface of a right cone, but in this problem it will 
be convenient to take these lines as representing the positions of 
cutting planes passing through both cones. For example, take the 
line A By as shown heavily chain dotted in the elevation, and imagine 
that both cones are cut through at that plane. The plan of the in- 
verted cone at the cut-off will be a triangle as shown at A\B\C' in 
the plan. The plan of the upright cone at the cut-off will be an ellipse 
as shown at in the plan. Where these two plan forms cut one 
another, as at D'yE'yE'\D'\ points will be obtained which should be 
projected vertically upwards to the cutting plane in the elevation. 
Thus, points D and E are located, which lie on the intersection curves 
in the elevation. In order to obtain sufficient points on the inter- 
section curves, this process should be repeated by taking cutting 
planes at the positions of the remaining lines on the inverted cone 
in the elevation. A series of ellipses will thereby be obtained in the 
plan, and these ellipses, taken at such angles as the cutting planes 
in this problem, are very nearly circles. 

Fig. 164 shows the development of the patterns. As the inter- 
secting bodies are right cones, where the radial surface lines cross 
the joint lines, the points are projected to the outside slant at right 
angles to the central axis of each cone respectively. Thus, taking 
the upright cone first, the radial surface lines are drawn from the 
base points 1,2, 3,4,5, 6,7 to the apex A. Where these lines, with the 
exception of 5A, cross the intersection curves, the points are pro- 
jected horizontally, or at right angles to the central axis, to the out- 
side slant of the cone. From these points on the slant, and also from 
the base point 7, arcs are swung into the pattern. On the arc from the 
base, the spacings l'^,2",3'",4'^,5",6"',7'^ are marked off equal to the 
distances r,2',3',4',5',6',7' around the corresponding base circle in 
the plan. Radial lines are now drawn from the points on the base 
curve to the apex A, and where these radial lines meet the arcs from 
the slant side of the cone, points will be afforded through which to 
draw the joint curves in the pattern. Care must be taken, however, 
to see that the correct points are used in drawing the respective 
curves. Each point may be checked by tracing a connection from 
the point on the base line 1,7 to the corresponding point on the base 
curve in the pattern. For example, take point 3 on the base line, 
from there trace upwards along the surface line to the line of inter- 
section, then horizontally across the cone to the slant side, around 
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the arc to the joint curve in the pattern, and back along the radial 
line to point 3" on the base curve. 

Now taking the inverted cone, the radial surface lines are drawn 
from the points a,b,c,d,ej,g to the apex A\ and, where these lines 
cross the intersection curves, the points are projected at right 
ANGLES to the central axis A\d to the outside slant of the cone. Note 
particularly tha t where the radial surface lines on this cone cross the 
intersection curves, the points do not occur at the same positions 
as do those on the upright cone, except by coincidence, or at such 
close proximity that the same point may be used. The procedure in 
developing the pattern is similar to that of the upright cone, and 
should be readily followed from the illustration given. 

smnjuaiTiES of method 

It is sometimes surprising how a little alteration to the conditions 
of a problem will make it appear entirely different. The example 



of the conical spout fitting on a conical body, as shown in Fig. 167, 
does not, at first sight, bear much resemblance to the coifical inter- 
section given in Fig. 164 ; nor are the methods of obtaining the line 
of intersection usually compared. Yet the two problems are pre- 
cisely the same, and the same method of finding the joint line may 
be applied in both cases. Since it is one of the features of this work 
to draw attention to similarities, the method of cutting planes, as 
applied to the solution of the conical intersection of Fig, 164, will be 
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used in solving the spout problem shown in Fig. 167. The branch 
connection, sometimes used in pipe work as illustrated in Fig. 165, 
represents another example of conic intersection similar to the spout 
problem. 


CONICAL SPOUT ON A CONICAL BODY 

Referring to the elevation in Fig. 166, the spout cone AMN 
penetrates the vertical cone, or body, at the line of intersection, 

which must be determined before 
the patterns can be developed. 
In connection with this figure, 
the process of locating one point 
only, X, on the intersection is 
discussed. 

Imagifle that a cutting plane, 
along the line AD, cuts through 
both cones. The base of the 
vertical cone is produced from C 
to D in order to complete the 
cut through the cone. The plan 
of the vertical cone, from B to 
D, will be an ellipse, as shown 
at B\C\D\E\ The method of 
obtaining this ellipse in plan was 
given in connection with Fig. 
162. The plan of the spout cone 
at the position AFG on this 
cutting plane will be a triangle 
as shown at A 'f'O'. If the points 
in the plan at which this triangle 
cuts the ellipse, as in X'X\ be 
projected vertically upwards to 
meet the cutting plane AD, in the elevation, the resulting point X 
will lie on the line of intersection. This process may be repeated 
with any number of planes radiating from the apex A, cutting 
through both cones in order to obtain sufficient points through 
which to draw the line of intersection. 

In the fuD problem shown in Fig. 167, a semicircle is described on 
the base MN of the spout cone, divided into six equal parts, and the 
points projected perpendicularly back to the base line. From the 
points on the base MN, lines are drawn to the apex A, and these 
lines are also produced backwards to meet the base of the vertical 
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cone in points afi,c,d,e. The positions of these lines are used as 
cutting planes passing through both cones, and the portions which 
cut the vertical cone are shown heavily chain dotted. In the plan, 
these cutting planes are shown as portions of ellipses, also heavily 
chain dotted, as seen at b'h'\ c'c'\ d'd'\ e'e". The base MN of 



the spout cone is also projected into the plan as an ellipse, at M'N\ 
and the lines on the surface at the positions of the cutting planes 
are drawn from the ellipse to the apex A', Where these lines on 
the spout cone in the plan cut the corresponding ellipses on the 
body cone, points will be obtained which should be projected 
vertically upwards to the respective cutting planes in the elevation. 
Thus, points will be obtained through which to draw the line 
of intersection. 

In accordance with right conic development, project, at right 
angles to the central axis, all points on the line of intersection to the 
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outside slant AM oi the cone. Similarly, project all the points on 
the top edge of the spout to the outside slant AM. Next, from the 
apex A, swing out an arc from the base MN, and space off twelve 
divisions equal to those round the semicircle on MN, From the 
division points draw lines to the apex A. Next, from the apex A, 
swing arcs into the pattern from all the points on AM. Where these 
arcs cross the corresponding lines from the base arc, points will be 
afforded through which to draw the top and bottom curves in the 
pattern. 

For the shape of the hole, project all the points on the line of inter- 
section horizontally across the vertical cone to the opposite outside 
slant. From the apex P, swing arcs into the pattern from the points 
on the slant. Draw a centreline, PQy in any convenient position. It 
remains now to determine the lengths of the arcs on either side of 
the centreline. These lengths should be equal to the horizontal 
distances round the vertical cone between the respective points on 
the joint line. To take one example, the length of the arc from R to 
S may be found by describing an arc, of radius RT, from the point 
T on the centreline of the cone, and dropping a vertical line from 
point S to cut the arc in S'. The length of the arc R,S' should now 
be marked off on both sides of FQ as at R\S". This process should 
be repeated from each of the remaining points on the line of inter- 
section, when the resulting points on either side of PQ should enable 
the contour of the hole to be drawn in. 

AN ALTERNATIVE METHOD 

The adaptability of the method of cutting planes is well illustrated 
by the alternative application shown in Fig. 168^. Instead of taking 
cutting planes radiating from the apex A of the spout cone, which 
has the advantage of giving straight lines in the plan for that cone, 
horizontal cutting planes may be taken at any desired number of 
points between the extremities of the joint line. Horizontal cutting 
planes give a series of circles in the plan for the vertical cone, and 
ellipses for the spout cone. One of such planes is shown in the eleva- 
tion as from B to Fy Fig. 168. The plan of the vertical cone at the 
cutting plane presents the circle C'F', while the plan of the spout 
cone gives the ellipse B'E'. The points at which these two figures 
cross, as at X'X', when projected vertically upwards to the cutting 
plane BF in the elevation, locate one point, X, on the line of inter- 
section. Two or three more points located in the same way by takii^ 
more cutting planes should afford sufficient to enable the line 
intersection to be drawn in. 
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Although the full plan of the circle and ellipse is given for the sake 
of clearness, it may be worth while to look into the method of setting 
out, in the elevation only, sufficient of these details to solve the 
problem. Referring again to the elevation, Fig. 168, half of the 
ellipse is shown below the major axis BE. The minor axis of this 
ellipse may be found by making 1) the centre of BE. Then, through 


D draw JG at right angles to 
the central axis AH of the 
spout cone. Next, with centre 
J and radius JG, describe the 
quadrant GH. Now, from D, 
draw DI parallel to JH^ then 
DI is half of the minor axis of 
the ellipse. Therefore, from 
point Z), draw DK at right 
angles to BE and equal in 
length to DL The semi -ellipse 
BKE may now be drawn by 
any of the methods of drawing 
ellipses. The next step, by 
using L as centre and radius 
LC, is to draw the quadrant 
CM, which corresponds to CM' 
in the plan. The quadrant CM 
cuts the semi-ellipse in point 
X", which may now be pro- 
jected vertically upwards to 
the cutting plane BF, thus 
locating point X on the line 
of intersection. 

Whether the full plan 
method is adopted, or whether 
the solution is worked on the 
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elevation only, the total amount of work involved will be much the 


same. Therefore, it is advisable to use the method which presents 


itself most clearly. 


TALLBOY TRANSFORMER INTERSECTTED BY 
CYLINDBICAL PIPE 

There is yet another type of intersection which can be successfully 
solved by the method of cutting planes. Fig. 169 shows a tallboy 
transformer intersected by a cylindrical pipe. The joint line may be 
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accurately determined by the inethod of cutting planes, as illustrated 
in Fig. 170. 

Assuming that the main particulars of the plan and elevation have 
been set down to the required dimensions, the first step towards 
obtaining the line of intersection lies in allocating the positions of 
the cutting planes. In Fig. 170, a semicircle is described on the end 

of the cylinder, both in the 
plan and elevation. This, in 
each case, is divided into six 
equal parts, and in the eleva- 
tion the points are numbered 
1,2,3,4,5,6,7. In the plan, since 
the view is looked at from 
above, the points around the 
circle are numbered as shown 
at r,2',3',4',5',6',7'. Thus, 
points r and 7' fall on the 
centreline, which corresponds 
to the top and bottom lines 
1 to 7 in the elevation. From 
the points on the semicircle 
in the elevation, lines 2,2 ; 
3,3; 4,4; 5,5; 6,6 are drawn 
horizontally right through the 
cylinder and transformer to 
represent the positions of cut- 
ting planes. The advantage of 
taking cutting planes at these 
positions will be evident from the fact that the plan of the cylinder 
cut through at each of these planes will be two parallel straight 
lines from the corresponding points on the semicircle in the plan. 
The plan of the transformer at these positions, however, is not 
quite so simple. Nevertheless, the observance of a few straight- 
forward principles should help to keep the solution clear. 

Referring now to the plan. Fig. 170, the circle representing the top 
of the transformer is divided into four quadrants. Each of those 
four quadrants is joined to the corresponding corner at the base of 
the transformer, forming four corner pieces with fiat triangular faces 
between them. Each of these comer pieces is a quarter of an oblique 
cone. Therefore, in cutting these through horizontally at the position 
of one cutting plane, four equal quadrants are formed, of smaller 
radii than those forming the top circle, and the quadrants are joined 
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by straight lines between them. This is shown clearly in the plan at 
Fig. 169. Now, the centres of these quadrants can easily be located, 
since each centre must lie on a line joining the centre 0, of the top 
circle to the respective corner of the base. One of these centrelines 
is lettered OA in the plan at Fig. 169. This line in the elevation 
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occurs at A'O , and the point at which the cutting plane crosses, 
may be dropped into the plan to obtain B. Then BC becomes the 
radius of the quadrant. Similar quadrants may be located in each 
of the other four comers, and at the same cutting plane the four 
quadrants will have equal radii. Next, in the plan at Pig. 169, the 
width of the cylinder at the cutting plan6 is indicated by the two 
parallel lines and PQ. These two lines cut the quadrants in N 
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and Q respectively, and by projecting those two j»oints vertically 
upwards to the cutting plane in the elevation, the point N\ which 
coincides with Q\ is obtained on the line of intersection. 

Referring back to Fig. 170, this process is repeated at each of the 
cutting planes 2,2 ; 3,3 ; 4,4 ; 5,5 ; 6,6, by means of which sufficient 
points are obtained to enable the line of intersection to be drawn in. 
More cutting planes will, of course, afford more points and ensure 
greater accuracy if desired. The pattern for the transformer is shown 
with the contour of the hole for the cylinder. The development of 
the transformer pattern is straightforward triangulation, and has 
been fully dealt with in an earlier stage. Triangulation is also used 
to obtain the hole in the pattern, and the method of obtaining one 
point is here described. The point marked D' in the plan. Fig. 170, 
is that in which the line 2'D' intersects the quadrant on the cutting 
plane 2,2. The plan length A'D' is taken and marked off along the 
base in the elevation at right angles to the vertical height up to 
point D. The diagonal then gives the true length of AD, which should 
be marked off in the pattern along the corresponding line, as from 
A" to D", This process, repeated with the other points of inter- 
section, will give sufficient points through which to draw the contour 
of the hole. 

CYLINDER PENETRATING TRANSFORMER AT AN ANGLE 

The problem at Fig. 170 shows the cylinder symmetrically placed 
on the horizontal centreline of the transformer. Had the cylinder 
penetrated at an angle such as shown in Fig. 171, the problem would 
have every appearance of being more difficult to solve. But this is 
not so. Exactly the same method is used, as careful ^inspection of 
the details will show, and except for the exercise of a little more care, 
no extra work or fresh principles are involved. In this example the 
pattern for the cylinder is shown developed, which can very easily 
be “unrolled” in the usual way when the line of intersection is 
obtained in the plan. 

INTERSECTION OF TALLBOY TRANSFORMER AND 
RIGHT CONE 

Although the general principles of solution are the same, there 
are one or two points of difference in the problem shown in Fig. 172, 
which will make a little investigation worth while. In the first place, 
the top of the transformer is inclined at an angle to its base, and in 
taking horizontal cutting planes the comers at each plane in the plan 
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will be quarter-ellipses instead of quarter- circles. The plan of the 
cone at each plane will be a circle. 

In the problem at Fig. 172^ four cutting planes are taken at 
A,B,C,D. To obtain the plan of the cone at these positions, drop the 
points A,B,C,D vertically downwards to the horizontal centreline 
in the plan, and with centre 0, describe a circle from each point. To 



obtain the plan of the transformer at the cutting planes, describe 
a semicircle on the top edge of the transformer and divide it into six 
equal parts, as from 1 to 7, Project these points perpendicularly 
back to the top edge 1,7, and from there drop them vertically down- 
wards into the plan to obtain the ellipse 1' to 1\ Join the points 
4", 5^6', 7' to the corner M' in the base on both sides of the centre- 
line. Next, in the elevation, join the points 4,5, 6,7 on the top edge to 
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the equivalent corner M. Now from the points at which the cutting 
planes A,B,C,D cut these lines, drop verticals to cut the correspond- 
ing lines in the plan. Points will thereby be obtained through which 
to plot the quarter -ellipses, which represent the shape of the corners 
at the positions of the cutting plane. Next, locate the points where, 
at each cutting plane, the plan of the cone cuts the plan of the trans- 
former. These points in the illustration at Fig. 172 are marked in the 
plan with small circles round them in order to distinguish them more 
clearly. Now, project these points vertically upwards to the corre- 
sponding cutting planes in the elevation, where they will give points 
on the line of intersection. With care, this line may now be drawn in. 

The contour of the hole in the pattern of the transformer is shown 
in Fig. 172. This may be determined by locating points on the corner 
lines of the transformer in precisely the same way as described in 
connection with Fig. 170. The pattern for the right conical connec- 
tion may be developed by the radial line method, as described in an 
earlier course, and is quite straightforward when the line of inter- 
section is determined. 

OBLIQUE CONICAL HOOD INTERSECTING VERTICAL FLUE 

The application of the method of cutting planes to problems of 
the oblique cone does not involve fresh or more difficult principles 
than those used in solving intersections of the right cone. The base 
of an oblique cone is a circle, also any cross-section parallel to the 
base is a circle, as at DE or FG, Fig. 175. Therefore, when the base 
of the oblique cone is horizontal a series of horizontal cutting planes 
will present a corresponding series of circles in the plan, as shown 
in Fig. 175. 

The intersection of the oblique conical hood and the vertical flue, 
shown in Fig. 173, is usually dealt with by means of a series of radial 
lines from the apex of the cone, but the line of intersection maj^ be 
as readily found by the application of cutting planes. This alternative 
method is given in Fig. 173. 

In this case three horizontal cutting planes are taken, as at DE^ 
FOy HI y in any convenient positions. Any number of cutting planes 
may, of course, be taken to suit circumstances, but a large number of 
cutting planes does not necessarily lead to a high degree of accuracy 
in plotting the shape of the intersection line. Sometimes a few 
well-placed points will serve to determine the position of the curve, 
when a little careful drawing is all that is necessary to produce a 
good line of intersection. 

To locate the line of intersection, drop points DyF^H vertically 
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dovmwards to the base BC, Also, drop the points d^fyk vertically 
downwards to on the base line BCA'. The latter points are 

the centres of the circles D,FJL Therefore, from points d\f,h\ 
with the corresponding radii, draw arcs to cut the plan of the cylinder 
in points D\F\F1\ From points D\F\H' project lines vertically 
upwards to points D",F",H" on the corresponding cutting planes 
in the elevation. A curve drawn from M, through these points to A, 
should give the required line of intersection. 



OBLIQUE CONE INTERSECTING A RIGHT CONE 

A further example of oblique conic intersection is given in Fig. 
174, where an oblique cone penetrates a right cone with the axes 
off-centre. Assuming that the plan and elevation of the two cones 
are set down to required particulars, with the off-centre position of 
the oblique cone as shown in the plan, then the first step towards 
obtaining the line of intersection is to locate a number of cutting 
planes in convenient positions, as shown in the elevation at DA, AD, 
HI, JK, LM. Drop the points D,F,H,J,L vertically downwards 
to the horizontal centreline of the right cone in the plan, and from 
each of the points obtained on the centreline describe circles, using 
A' as centre, to represent the plan of the right cone at each of the 
cutting planes. In the diagram at Fig. 174 three-quarters only of 
the circles are drawn. Next drop the points d,f,h,j,l on the centreline 
of the oblique cone vertically downwards to the corresponding 
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centreline in tine plan. Now drop the remaining points EGI K M 
vertieally do^wards to the centreline of the oblique c;n; ’in’th; 
pkn, and with radii dE, fG, hi, jK, IM describe circles to represent 
the plan of the oblique cone at each of the cutting planes. Where 
the corresponding pairs of circles cut each other, that is, where the 
right conic circles cut the oblique conic circles at their respective 




planes, points will be afforded in the plan through which to plot the 
intersection curve. To obtain the line of intersection in the elevation, 
the points in the plan should be projected vertically upwards to the 
corresponding planes in the elevation. The required curve may then 
be drawn in as shown in the diagram. 


OBLIQITE CONIC SECTIONS 

It may sometimes be required to obtain the shape of a cross-sec- 
tion of an oblique cone, as, for example, when a baffle or valve is to 
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fit across an oblique conic transition piece. Before explaining the 
processes of obtaining the shape of any cross-section, it may be well 
to revise one or two properties of the oblique cone which have an 
important bearing on the methods in view. 

Attention has already been drawn to the fact that any cross-sec- 
tion parallel to the base is a circle. Referring to Fig. 176, the line of 
centres OA passes through the centre of such circle. Thus, the 
point O', on OA , is the centre of the circular cross-section BF. Never- 
theless, the line of centres OA does not coincide with the central 



axis of the cone. The position of the central axis may be found by 
bisecting the angle BAC, which gives the line AD. The central axis 
is that line around which the body of the cone is symmetrically 
formed. Thus, when AM equals AN, the line joining MN will be 
bisected in B by the central axis AD. The shape of the cross-section 
at MN, however, is an ellipse, and not a circle. Moreover, any cross- 
section which is not parallel to the plane of the base is an ellipse, 
except when parallel to the subcontrary section. The subcontrary 
section in relation to FF is given at GH. The line GII is equal to FF, 
and passes through F in such a position that SG equals SF, and SF 
equals SB. Then the shape of the cross-section at GB again becomes 
a circle. 

ELLIPTICAL CBOSS-SECHON 

There are two useful methods of finding the shape of an elliptical 
cross-section of an oblique cone, the choice of which will depend 
a good deal on the purpose in view. For example> the method shown 
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in Fig. 177 is useful in surface development, while the method given 
in Fig. 178 will be found sufficient when the shape of the cross-section 
only is required, as for a baffle plate. 

Referring to Fig. 177, to find the shape of the cross-section at CD, 
first describe a semicircle on the base BC, divide into six equal 
parts, and join the points to the plan apex A\ Next, project the 
points on the semicircle perpendicularly up to the base line BC, and 
from the points on the base line draw elevation lines to the apex A, 
The points 1, 2,3,4, 5 where the elevation lines cut the cross-section 
CD may now be dropped vertically downwards to the corresponding 
plan lines to obtain the points l',2',3',4',5'. Draw in the plan of the 
cross-section. The next step is to project lines from points 1,2,3, 4,5 




at right angles to CD, and on these lines mark off distances equal to 
the corresponding perpendicular distances from D'C in the plan. 
Thus, make 1,1" equal to the perpendicular distance from D'C to T, 
and make 2,2" equal to the perpendicular distance from D'C to 2', 
and so on. When this is completed, draw in the semi-ellipse on CD. 
This represents half of the true shape of the cross-section at CD. 

For the alternative method refer now to Fig. 178. The line CD 
represents the minor axis of the elliptical cross-section, and 8H half 
of the major axis. First locate S, the centre-point of CD. Then, 
through S, draw EF parallel to the base BC. Thus, the cross-section 
at EF is a circle. Next locate O', the centre-point of EF, and describe 
the semicircle thereon. Now, to find the width of the cone through 
point S at right angles to the plane of the diagram, drop a line from 
S perpendicular to EF to cut the semicircle in point 0. Thus 80 
half of the required width of the cone, and represents half of the major 
axis of the ellipse. Therefore, project 8H at right angles to CD and 
equal in length to 80. Then the semi-ellipse, CUD, may be drawn 
by any of the methods adopted for drawing ellipses and ovals. 



Chapter 12 

BRANCH AND JUNCTION PIECES 


Geometrical obscurities, or little differences not easily seen, are 
sometimes responsible for perplexing errors. The pattern for the 
two-way breeches piece shown in Fig. 179 (a), with branches of equal 



diameters, may be easily and correctly developed by taking one limb 
only, ABOD, between the top and bottom circles, and developing 
the pattern for the portion BCDEF, with the joint line at EF. Fig. 
179 (6) shows a similar breeches piece, but with branches of different 
diameters. At first sight there appears to be no reason why the 
patterns for the two limbs should not be developed separately, as 
shown below at (c) and (rf), with the joint line at EF, but if this were 
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done the joint at EF would not fit. Although the points E and F 
coincide on each branch, the curves themselves do not match. The 
figure at (e) shows the difference between the shapes of the curves 
as they would occur at EF in the figures at (c) and (d). The larger 
or outer curve corresponds to that in (c), and the smaller inner 
curve would be obtained in the figure at (d). 

These curves are geometrically true, but it will be readily seen 
that in the shaping up of the res})ective branches in practice it would 
bo an easy matter to make the shape of the inner curve correspond 
to the form of the outer. Nevertheless, if the patterns were developed 
carefully on these lines, the length of the outer curve would be longer 
than the inner, thus making the actual fitting somewhat troublesome. 

BREECHES PIECE OF UNEQUAL DIAMETERS 

This brings out an important point in developing patterns for 
breeches pieces with branches of unequal diameters. Referring now 
to Fig. 180, the larger limb is developed as previously suggested by 
joining the points on the top circle to the corresponding points on 
the bottom circle. Thus, the lines in the elevation from points 
7',9',11',13' are drawn through to meet the equivalent points in the 
base. These lines pass through the points 8', 10', 12', 14' on the joint 
line. Now, if the lines from points 9' and 11' on the smaller limb 
were drawn through to meet their equivalent points on the base, 
they would not pass through points 10' and 12' on the joint line. 
This may possibly be seen to greater advantage in the plan. Taking, 
for example, the line from point 9 on the top edge of the larger limb, 
this passes through point 10 on the joint curve to point 6 on the base. 
Now, taking the line from the corresponding point 9 on the top edge 
of the smaller limb, if this weire drawn through to the equivalent 
point 6 on the base, it would miss point 10 by a considerable amount, 
as will be seen in the illustration. Therefore, the lines from points 
9 and 11 on the smaller limb are diverted to meet points 10 and 12 
in the joint curve. By doing this, and developing the pattern accord- 
ingly, the inaccuracy of the joint curves will be overcome. 

To develop the patterns, first set out the elevation of the two 
limbs, and on the top edge, 1' to 13', in each case, describe a semi- 
circle, divide into six equal parts and project the points perpendicu- 
larly back to the respective edges. Drop these points vertically 
downwards into the plan and plot the semi-ellipses 1 to 13. Divide 
the base semicircle into six equal parts, as shown at 2,4 ; 4,6 ; 6,8 ; 
8,6 ; 6,4 ; 4,2, and project these points vertically upward to the base 
line 2,2. Now, on the larger limb only, join the corresponding points 
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on the top and bottom edges, both in the plan and elevation. Thus, 
in the plan 11 will be joined to 4, 9 to 6, 7 to 8, and so on, and in the 
elevation, 11' to 4', 9' to 6', 7' to 8'. The lines 9', 6' and 11', 4' in the 
elevation cross the joint line in points 10' and 12'. Drop these points, 



with point 14', vertically downwards to obtain the points 10, 12, and 
14, in the plan. The joint curve 8 to 14 may now be drawn in, and on 
the smaller limb the points 9 and 11 may be joined to points 10 and 
12 of the joint curve. 

In the illustration at Fig. 180, a half-pattern is given for the larger 
limb, and a half for the smaller. For the larger pattern, the first 
line 1", 2" may be taken direct from the elevation, as from V to 2. 
Next take the plan length 2,3, and triangulate this against the appro- 
priate vertical height on the corresponding vertical height fine. 
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Take the true length line and from point V in the pattern swing an 
arc through point 3". To complete the first triangle the true distance 

should be taken from the semicircle on the top edge l',13'. 
Therefore, take one of the equal spacings, and from point 1"^ in the 
pattern, describe an arc cutting the previous arc in point 3". For the 
next triangle take the plan length 3,4, and triangulate it against the 
appropriate vertical height. Take the true length diagonal and from 
point 3" in the pattern swing an arc through point 4". The next true 
length may be obtained direct from the plan. Thus, take the true 
plan length 2,4, and from point 2" in the pattern describe an arc 
cutting the previous arc in point 4". This process may be repeated 
as far as the line 8",9". Then, for the next triangle, take the plan 
length 9,10, and triangulate it against its vertical height, this time 
using the base line level with point 10'. Take the true length diagonal 
and from 9" in the pattern swing an arc through point 10". 

The next step is an important one. Up to this stage the true 
distances 2",4"; 4", 6"; 6",8" have been taken direct from the base 
circle in the plan, but the next distance in the plan, 8 to 10, is not a 
true length, since it is the first spacing up the joint curve. Therefore, 
it should be triangulated against its vertical height, by taking the 
plan length 8,10, marking it off along the bottom base line and taking 
the true length diagonal up to the point level with 10' on the 
vertical height line. With this true length in the compasses, from 
point 8" in the pattern, describe an arc cutting the previous arc in 
point 10". The remainder of the pattern may now be completed, 
taking care to triangulate the plan lengths 10,12 and 12,14 against 
their respective vertical heights in order to obtain the true distances. 

The pattern for the smaller limb may be developed in the same 
way, and with the caution that the true distances 8", 10"; 10", 12"; 
12", 14" must be the same for both patterns, the smaller example 
is left to be completed without further explanation. 

FOUR-WAY BREECHES OF UNEQUAL BRANCHES 

The illustration in Fig. 181 shows an application of a four-way 
branch piece of similar construction to the two-way example dealt 
with in Fig. 180. It will be noticed in this case, however, that the 
top of the branch piece is horizontal, conforming to the centreline 
of the two larger bends which turn into reverse directions at right 
angles to the original flow. The two lower branches, smaller in 
diameter, are directed to positions vertically below. The problem 
of the pattern developments is given in Fig. 182, and, while the 
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principles involved are the same as in the two-way breeches piece, the 
off-centre positions introduce some measure of intricacy which may 



Fig. 181 

require a little more careful attention. Therefore, only the two limbs 
on the left are developed for patterns. The elevation above the plan 



Fig. 182 


is of the larger limb only. The elevation of the smaller limb is pro* 
jected at right angles to its centreline in order to make the solution 
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clearer, and to get a direct angle of the top edge. Since the larger 
limb is not symmetrical about any axis, the full pattern must be 
developed. 

The method of dividing the surface into triangles is similar to that 
of the previous problem. In the four- way example, the numbering 
on the larger limb begins in the middle of the back, and proceeds 
round the surface to the seam at 13,14. The other half is divided 
similarly, but the points are not numbered in order to avoid undue 
congestion. The smaller limb is symmetrical about its centreline, 
and one half only, that 
which matches up to the 
larger limb, is divided 
into triangles. The 
points 6,8,10,12,14 on the 
joint line between the 
two limbs, are common to 
both. In setting out the 
projected elevation of the 
smaller limb, it is there- 
fore necessary to mark 
off points 8',10',12',14' to 
the same vertical heights 
above the base line as 
the corresponding points 
in the larger elevation. 

As these points are the 
same vertical height in 
each case, it may be 
observed that, for the 
purposes of pattern de- 
velopment, the projected 
view of the smaller limb 
may be dispensed with provided that the angle of the top edge is 
set out in the larger elevation in such a position that the points 
on it may be projected horizontally to the vertical height line in 
that view. Then, with a little care, all the true lengths necessary 
for both patterns may be obtained from the one vertical height 
line. The directions for drafting the pattern are almost a repetition 
of those for the two-way breeches of Fig. 180, and if the explanation 
has been carefully followed, no difficulty should be experienced 
in obtaining the patterns for the four- way breeches. The patterns 
are shown in Fig. 183. 
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A FOUR-WAY JUNCTION PIECE 

There are many ways in which a multiple branch pic(;(^ might be 
made, the design and method of construction depending on require- 
ments and circumstances. ‘ It often happens that branches are re- 
quired to be taken from a duct in a limited space, in which two or 
three branches are sometimes needed close together. With a little 
careful design, a single branch piece may be made to incorporate all 
that is required in the matter of transforming the shape and adjusting 
the areas. 

The branch piece shown in Fig. 184 is a junction of three branches 
and a main, comprising four ways in all. The two side branches turn 



Fig. 184 


into the horizontal at right angles to the main, and the third branch 
turns vertically downwards to a hood below. The main is reduced 
in diameter at the branch end to adjust the area simultaneously 
with the division of the air flow. This junction piece belongs to the 
type with small flat triangles between the branches, where the metal 
is bent in the folders and the form shaped up on the bar. Fig. 186 
shows a half-pattern which is symmetrical about the centreline at 
F,2'. This four- way junction piece can, if the dimensions are not 
too large, be made in one piece of metal with the same either at 1,2 
or 34,35. It is a simple method of construction and saves a lot of 
work when the form and mode of structure are clearly understood. 

The diagram at Fig. 185 is of the junction piece only, showing the 
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holes for the branches inclined at an angle of 15 degrees, thus leaving 
the bends to be made up of five segments, each of 15 degrees, to com- 
plete the 90 degree branches. The pattern- development is obtained 
by straightforward triangulation, and as the branch piece is symmet- 
rical about the centreline 2 to 34, only one half of the pattern is shown 
developed. The method of 
dividing the surface into 
triangles is extremely impor- 
tant, since the lines forming 
the triangles must lie on the 
surface of metal and not 
cut across space. Sometimes 
in triangulation this cannot 
be entirely avoided, since 
on a conical surface the 
alternate lines forming the 
triangles must lie slightly 
off the surface of metal, but 
the arrangement of the 
triangles must be such that 
this fault is reduced to a 
minimum. For example, in 
Fig, 185 it will be seen that 
the straight line between 
points 2 on the bottom and 
3 on the top must lie slightly 
across or inside the surface. 

On the other hand, the lines 
radiating from point 16, as, 
for instance, lines 16,18; 

16,19; and so on from 16 
to points 20,21,22 . . , 

30,31,32, all lie perfectly on 
the surface of the metal. When this condition is fulfilled there 
should be no difficulty in obtaining a correct pattern. 

The large semicircle of the base is divided into six equal parts, 
which in the diagram bear the numbers 2,4,12,14,16,33,35. The 
smaller semicircle of the top is also divided into six equal parts, the 
points of which are numbered 1,3,5,6,24,25,26. The circular edge of 
the lower branch is divided into twelve equal parts, as at points 
7,8,9, . . . 20,21,22, and the semicircle of the middle branch is 
divided into six equal parts, as at points 27,28,29,30,31,32,34. The 
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various points are joined up as shown in the diagram in accordance 
with the prescribed method of numbering. The plan is so placed 
that the middle branch 27,34 is on the horizontal centreline, thus 
giving in the elevation the true angle of its slope. The tops of the 
other two branches are inclined at the same angle, so that the corre- 
sponding points on those circles will have the same vertical heights. 
Thus, point 15 on the lower circle has the same vertical height from 
the base as point 34. Similarly, points 10 and 19 have the same 
vertical height as point 30. Bearing this in mind, it wiU be seen that 
the points on the top edge 27,34 in the elevation, projected hori- 
zontally to the vertical height line, will also serve as vertical heights 
for the points on the circular edge 7,] 5. 

For the pattern, the first line l',2' may be taken direct from the 
elevation since it is equal to the full vertical height, and marked off 
in any convenient position. Next take the plan length 2,3, and mark 
it off along the base line at right angles to the vertical height. Take 
the true length diagonal up to the top and from point 2' in the pattern 
swing an arc through point 3'. Now take the true distance 1,3 direct 
from the plan, and from point 1' in the pattern describe an arc cutting 
the previous arc in point 3'. For the next triangle take the plan 
length 3,4, and mark it off along the base line at right angles to the 
vertical height. Take the true length diagonal up to the top and from 
point 3' in the pattern swing an arc through point 4'. Next take the 
true distance 2,4 direct from the plan and from point 2' in the pat- 
tern describe an arc cutting the previous arc in point 4'. Repeat this 
process with plan lengths, 4,5 ; 4,6 ; 4,7, triangulating each against 
the full vertical height, and for the top true lengths take 3,5 ; 5,6 ; 
6,7 direct from the plan. For the next triangle take the plan 
length 4,8, and mark it off at right angles to the vertical height line. 
Take the true length diagonal, this time up to the first point below 
the top, which corresponds to the vertical height of point 8, and from 
point 4' in the pattern swing an arc through point 8'. Next, the true 
distance between 7 and 8 should be taken from the semicircle in the 
elevation, because in the plan the top edges of the branches are really 
ellipses, and do not give the true distances between the points there- 
on. It should be noted, however, that in this case, as the top edge 
is only inclined at 15 degrees, the plan ellipses are very nearly circles. 
When the top edges are inclined at, say, 30 degrees or more, the plan 
ellipses are correspondingly much more pronounced. 

For the next triangle the plan length 4,9 should be triangulated 
against the vertical height, and the true length diagonal taken, this 
time up to the second point down from the top. The triangle in the 
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pattern should then be obtained as before. This process of triangu- 
lation should be repeated with plan lengths 4,10 and 4,11, which 
completes all the radiating lines from point 4. The next plan line 
passes from point 11 in the top to point 12 on the bottom semicircle, 
and the plan lines following it, 12,13 ; 13,14 ; 14,15 ; 15,16, alternate 
between the top and bottom. On reaching point 15 it should be 
noted that the lowest point on the vertical height line has been 



Fig . 196. 

arrived at, and in triangulating the next series of plan lengths radi- 
ating from point 16 in the bottom to 17,18,19,20,21,22 in the top, 
the vertical heights step up again to the top. In triangulating the 
next series of lines radiating from point 16 to points 23,24,25,26,27, 
the vertical height remains at the top. In the next series, from 16 
to points 28,29,30,31,32, and then from 32 to 33 and 33 to 34, the 
vertical heights again step down to the lowest point. With care in 
following these observations the full pattern should not present any 
real difficulty in completing. 

A THREE-WAY JUNCnON TRANSFORMER 

The junction piece presented in Fig. 187 is of similar construction 
?to that of the previous problem, except that it transforms from a 
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rectangle to three circles, and the two smaller branch circles incline 
at 30 degrees instead of 15 degrees. The latter condition makes the 
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Fig. 187 

plan of the branches more elliptical than those of the problem shown 
in Fig. 185. An important diversion in dealing with this problem 
occurs in connection with the vertical heights df the points on the 
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branches. It will be noted that in this case neither of the branches 
in the plan occurs on a horizontal centreline, thereby failing to give 
a true angle of slope of the top edge in the elevation. Since the top 
edge of both branches is known to incline at 30 degrees, all that need 
be done is to draw a line at 30 degrees from the top of the vertical 
height line equal in length to the diameter of the branch, as shown 
at 8,15. Describe the semicircle on it, divide into six equal parts 
and project the points perpendicularly back to the line. From the 
points obtained on this line project horizontals back to the vertical 
height line. These points then give the required vertical heights of 
the points 8,9,10, . . . 20,21,22, around the ellipse in the plan. 

With due care in dividing the surface of the junction piece as 
shown in the diagram, and following the method of triangulation as 
described in the previous problem, the pattern should now be readily 
drafted. 



Chapter 13 

THE TAPERED LOBSTER-BACK 

Compare the two lobster- back bends shown in Fig. 188. One is an 
ordinary six segment 90 degree bend, with diameters equal at each 
end. The other is a tapered six segment 90 degree bend, with diam- 
eters different at each end. There are several methods of making 
tapered lobster-back bends, the design and construction depending 
a good deal on the purpose in view. 

TAPERED LOBSTER-BACK FROM OBLIQUE CONE 

For a tapered lobster similar to that shown in Fig. 188, the patterns 
may be developed as segments of an oblique cone. Where no allow- 
ances on the patterns are required, as in the case of welded seams, 
this method has a number of advantages, among which are a mini- 
mum of scrap and a minimum of cutting. 

The illustration at Fig. 188 (a) shows that the bottom segment in 
an ordinary non-tapered bend is a part of an oblique cylinder, and 
the corresponding diagram below, at (c), shows how the cylinder, 
cut into six segments, may be made to form the bend when the alter- 
nate segments 2,4,6 are turned round through 180 degrees. Since 
each segment includes an angle of 15 degrees, the centreline CL of 
the bottom segment makes an angle of 7 J degrees with the base line. 
As the central axis of the cylinder is at right angles to the centreline 
CL of the segment, the central axis of the cylinder must, therefore, 
lean at an angle of 7| degrees from the vertical. This is an impor- 
tant point, since, in the case of the tapered lobster-back, the same 
line of reasoning applies to the oblique cone. Each segment of the 
tapered lobster-back at (6) contains an angle of 15 degrees. The 
centreline CL of the bottom segment is at 7| degrees with the base 
line. Therefore, the centreline of the oblique cone must incline at 7 J 
degrees from the vertical. 

There is one important difference between the ordinary bend and 
the tapered bend. In the former case, the centreline of the bend lies 
on a quarter-circle with the centre at 0, see Fig. 188 (a). In the 
latter case, the centreline of the tapered bend takes the form of an 
ellipse. The reason for this will be seen by an inspection of Ifg. iSO. 
The oblique cone, 1,^,2, contains the bottom segment of the bend 
at 1,2, 4, 3, with the centreline passing through a, 6. Although point a 
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is the centre of the base 1,2, it will be found that the corresponding 
point b does not lie at the centre of 3,4. Now, if the top portion of 
the cone, 3, A, 4, be turned over, through 180 degrees, so that the 
point 3 falls on point 4, and point 4 falls on point 3, the apex A will 
move to B, and the centreline bA will move to b'B, The point b, 



Fig. 188 


therefore, has moved to point' 6'. The next segment now lies at 
3, 4, 6,5, with the centreline passing through 6'c. If the reversing 
process be again apphed to the top portion, 6,B,%, so that the point 
5 falls on point 6, and point 6 falls on point 5, the apex B will move 
to C7, and the centreline cB will move to cC, This time, however, 
it will be found that the centrepoint c remains at the same spot. 
The reason for this is because the line 5,6, in the cone before reversal, 
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is parallel to the base line 1,2, which results in the centreline, aA, 
passing through the centre-point c of 5,6. Following up this process 
of reversal of the segments, it will be seen, in Fig. 189, that the centre- 
point of each alternate joint Une falls farther from the true quadrant. 
Therefore, if the positions of the two diameters at each end of the 
bend are to be accurately placed to satisfy a particular design, this 
discrepancy, which varies with the amount of taper, must be care- 
fully checked beforehand. When the accuracy of these positions is 
not important, this method may be found very useful. 


A 



The development of the patterns is shown in Fig. 190. First 
describe a quadrant approximating to the required centre radius of 
the bend, and divide it into six equal parts. Erect a centreline 0,A 
for the cone at an angle of degrees from the vertical, and mark off 
from its base upwards the six divisions from the quadrant. Through 
the top and bottom points draw horizontal lines and mark off the 
large diameter at the bottom and the small diameter at the top. 
Complete the cone by drawing the outside lines through the extremi* 
ties of the diameters. These outside lines should meet at the apex A 
on the centreline. Through the remaining division points draw the 
joint lines alternately at 15 degrees, as shown in the diagram, to 
represent the segments. 



th'e tapered lobster-back 


261 


To develop the patterns, drop the apex A vertically downwards 
to -4' on the base line. Describe a semicircle on the base line and 
divide it into six equal parts, as shown at 1,2, 3, 4, 5, 6,7. From the 
apex A' in the plan, swing the points 1 to 7 on the semicircle round 
to the base line. From the apex A in the elevation swing the points 



obtained on the base line round into the pattern. Take one of the 
equal divisions jfrom the semicircle, as from 1 to 2, and, beginning 
on the inside arc, space off the base curve 1' to 7' to I'", in the pattern. 
Join the points on the base curve to the apex A, Next project the 
points on the semicircle vertically upwards to the base 1,7, and draw 
lines from the points obtained on the base to the apex A, These lines 
are elevation lines. Next draw the true length lines by joining 
to tb® ftpex A the points o^ the 1?7, which were obtained by 
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swinging the points 1,2, 3, 4, 5, 8 round from the plan apex A\ In the 
illustration at Fig. 190, these true length lines are shown chain-dotted 
while the elevation lines are shown in full. Now, taking the jSrst 
joint line a,g up from the base, the elevation lines cross the joint line 
in points b,c,d,e,f. These points, in accordance with obhque conic 
development, are projected horizontally to meet the corresponding 
true length lines. For example, the elevation line from point 3 
crosses the joint line in point c. The corresponding true length line 
is that obtained by swinging point 3 round to the base and then 
drawing a line from the point on the base to the apex. Therefore, 
point c is projected horizontally across to meet this line, and from 
there it is swung into the pattern to meet the radial line A,3\ This 
process, repeated with the other points, a,b,d,e,f, should give points 
in the pattern through which the joint curve may be drawn. Each 
of the other curves in the pattern may be plotted in the same way 
from the points where the elevation lines and true length lines cross 
the joint lines in the elevation. 

TAPERED LOBSTEB-BACK FROM RIGHT CONE 

A slight modification of the above problem may transform it into 
one of a right cone instead of an obhque cone. Referring again to 
Fig. 188 (6), it has already been shown that the centreline CL of the 
bottom segment is at right angles to the centreline of the oblique 
cone. Imagine, now, that the bottom part of that segment below 
the centreline CL to be removed or cut away, and the lobster-back 
allowed to fall back so that that centreline becomes the base. Thus, 
the lobster-back falls through degrees and the centreline of the 
cone becomes vertical. The lobster-back now has five full segments 
of 15 degrees and one half-segment of degrees. It wiU therefore 
be necessary to add another half-segment of 7| degrees at the other 
end in order to make up the bend to a full right angle. A bend such 
as this is shown at Fig. 191. If the new base BC be regarded as 
circular, then the problem becomes one of development from a r:ight 
cone. The right cone is shown at BAG, and is divided into five full 
segments of 15 degrees, a half-segment at the bottom and another 
at the top. 

This illustration, Fig. 191, also shows the effect of reversing the 
segments to produce the tapered bend. It will be seen that the cen- 
treline of this bend cannot lie on a quarter-circle, since the points 
b,c,d,e,f,g at which the central axis cuts the joint line, fall farther 
from the true quadrant curve at each reversal. To obtain the spac- 
ings a\b%c',d',e\f\g',h' up the centreline of the cone, describe e 
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quarter- circle of approximately the radius required, and divide it 
into six equal parts. The first spacing a,b' up from the base should 
be one half of these divisions, then five full spacings, and another 
half at the top. Through the first point b' up from the base, draw 
a line at 7^ degrees to the base BC. Through the second point c', 
draw a line at 7| degrees to the base, but inclined the opposite way, 
thus making an angle of 15 degrees with the first line. Through points 



Fio. 191 


d\e\f\g\ draw lines alternately at 7| degrees as shown, and one 
horizontally, or parallel with the base, through the top point h\ 
The patterns for these segments may then be developed in accord- 
ance with ordinary right conic methods, and as these methods have 
been fully discussed in many previous sections, the pattern deveb 
opments for tbis problem are left as an additional exercise. 
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TAPERED LOBSTEB-BACK BY COMMON CENTRAL 
SPHERES 

Following up the problem of the tapered lobster- back bend, the 
method of the common central sphere may be applied to obtain the 



segments as portions of right cones, and, in addition, the bend may 
be set out to predetermined diameters and centre radius. Pig. 192 
shows a four-segment h©n4 set out on this principle, together with 
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the patterns for the two middle segments M and N. Fig. 193 illus- 
trates the preliminary steps in setting out the elevation of this bend. 
First, from centre 0, describe a quarter- circle a,e. Divide the right 
angle aOe into three equal angles of 30 degrees each, and at the points 
where the division lines cut the quarter- circle draw tangents and 
produce them to form the centrelines of the four cones. These tan- 
gent centrelines are shown at aA, hB, cC, dD. Next, mark off the 


A 



Rq. m . 

lengths of the tangents a6, be, cd, de up the vertical centreline aA, 
Through a and e' draw PQ and RS respectively at right angles 
to aA, and equal in length to the diameters required at each end of 
the bend. Now draw PR A and QSA, which represent the sides of 
the first cone. With b as centre, draw the inscribed circle, just 
touching PA and QA, to represent the first central sphere. Also, 
with 6 as centre, describe the arc AB, which locates B, the apex 
of the second cone. From the apex B draw the sides of the cone just 
to touch the central sphere. Then where these sides cut the corre- 
sponding sides of the first cone, as at m and n, points will be obtained 
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through which to draw the first joint line m,n. The second central 
sphere may now be drawn, using c as (Centre, with its circumfer- 
ence just touching the sides of the second cone. See Fig. 192. The 
apex C, of the third cone may also be located by describing the arc 
BC from the centre c. Draw the sides of the third cone just touch- 
ing the second central sphere, and then, between the points where 
these sides cut the sides of the second cone, put in the second joint 
line o,p. The third central sphere may now be drawn, using d as 
the centre, and the processes above repeated in order to complete 
the fourth cone. 

The drafting of the pattern for each segment is straightforward 
right conic development and has been fully described in an earlier 
course. 

LOBSTER-BACK DEVELOPED BY TRIANGULATION 

Patterns for tapered lobster-back bends which have to be made 
to specified dimensions are best developed by triangulation. Each 
segment may be regarded as a transforming piece between two 
circles. In this way almost any combination of segments may be 
made to make up a tapered bend or a tapered swan-neck. The 
pattern for each segment has to be developed separately, and, as a 
problem of pattern-drafting, should not, at this stage, present any 
real difficulties. Fig. 194 represents a ventilator head, which is com- 
posed of six segments. This ventilator head, without the curved 
rim, is shown again in Fig. 195, but is turned on its side for the 
purpose of simplifying the problem of drafting the pattern. 

Immediately below the base line draw a half-plan of the bottom 
segment only, by first describing a semicircle on the base 1,13, 
and dividing it into six equal parts. On the top edge of the segment 
2', 14' also describe a semicircle, divide it into six equal parts and 
project the points perpendicularly back to the line 2', 14'. From the 
points on the line 2', 14', drop vertical lines into the plan, and from 
the base line mark ofif the corresponding widths of the top semicircle 
to obtain points through which to draw the semi-ellipse 2,14. Next, 
triangulate the plan by numbering and joining the points 1,2, 3, 4, 

. . . 11,12,13,14, as shown in the diagram at Fig. 195. 

To develop the pattern for the bottom segment of Fig. 196, take 
the true length line 1,2' direct from the elevation and mark of l',2'^ 
m the pattern. Next, take the plan length 2,3, and mark this off 
along the base line from the foot of the vertical height below point 
2'. Take the true length diagonal up to point 2' and from point 8^ 
ip the pattern swing an arc through point y. 
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It will be noticed in this problem that a separate vertical height 
line, on to which all points are projected, is not given. Instead of 
this, the vertical height of each point from the base line is used in 
its primary position. This, of course, is not essential, and the usual 
vertical height line may be erected if preferred. 

Now take the true ^stance 1,3 direct from the plan, and from 
point I"' in the pattern describe an arc cutting the previous arc in 
point 3''. For the second triangle take the plan length 3,4, and, from 
the point on the base line vertically below point 4' in the elevation, 
mark off this distance at right angles to the vertical height. Take 
the true length diagonal up to point 4', and from point S" in the 
palJtem swing an arc through point 4". Next take one of the equal 
divisions from the top semicircle, and from point 2" in the pattern 
describe an arc cutting the previous arc in point 4". Repeat this 
process with all the remaining plan lengths between the top and 
bottom edges, obtaining the true length diagonal for the zigzag line 
between the curves in the pattern. For the true spacings between 
the points along the curves in the pattern the corresponding distances 
should be taken from the semicircle on the base line and the other 
on the top edge. 

The second segment in Fig. 195 is shown redrawn immediately 
above its original position in the elevation. This is done purely for 
the sake of clearness in following the development of the pattern. 
In general the procedure is precisely the same as for the bottom 
segment just described. The base of the second segment, m,a, should 
be considered as horizontal, thereby forming a base line similar to 
that in the bottom segment. The elliptical plan of the top edge 
n\b' should therefore be obtained by projection at right angles to 
the base line m,a. For the development of the pattern, the directions 
given for the previous segment should be carefully followed, sub- 
stituting the letters for the corresponding figures, since the points 
have been lettered instead of numbered. 

From the foregoing considerations of the various methods of 
setting out tapered lobster-back bends, it will be evident that the 
conditions given and the accuracy of the requirements must influ- 
ence the choice of method used. The bend obtained by the oblique 
cone method is well formed and of pleasing appearance. That 
obtained by means of the common central sphere gives a reliable 
bend on a quarter-circle centreline, while the method of triangula- 
tion may be used for any design of tapered lobster-back. 



Chapter 14 

UNUSUAL PROBLEMS 

The value of a clear and versatile knowledge of pattern-developing 
cannot be over-estimated. It sometimes happens that a working 
drawing contains a problem of unusual design, or one of a general 
type with some slight modification which involves a deeper under- 
standing of the geometrical principles of pattern-drafting. Such 
occasions discover the versatility or the limitations of the craftsman. 
In the latter case, almost instinctively, suggestions are put forward 
to simplify the work, often at the expense of efficiency. Discussions 
follow, and valuable time is expended in determining alterations 
which mean nothing more than a simphfication of the geometry to 
bring it into line with the vision of the craftsman. Loss of time in 
this way is often much greater than would be the case if the problem 
were dealt with promptly to its original design. 

The oblique conical hopper shown in Fig. 197 is an example which 
illustrates this point. The hopper above, at (a), is a straightforward 
oblique conic frustum fitting on a square comer. In the right-hand 
view the centreline is vertical. By these conditions the pattern can 
be developed from the left-hand elevation only, an example of which 
has already been fully described in an earlier course. Now, referring 
to the figure below, at (6), the only difference in the conditions is 
that the apex, A, of the cone in the right-hand view has been moved 
2 ft. 7 in. to the right. This may be essential to the required condi- 
tions, but it entirely alters the problem from the standpoint of pat- 
tern-development. It is still an oblique cone, but the apex is off- 
centre in both views, and neither view can be used to develop the 
pattern in the same simple way as in the case of the elevation above 
at (a). However, the solution to the type of problem presented at (6) 
may be arrived at in several ways, all of which are based on the same 
fundamental principles. The examples given in Figs. 198 and 199 
illustrate twp different methods of solving for the patterns. 

AN OFF-CENTRE OBLIQUE CONICAL BREECHES FIEOE 

Fig. 198 (6) represents a two-way branch piece composed of the 
frustums of two oblique cones. The only difference between this 
problem and that given in Fig. 115 in the Third Course is that the 
branch centres do not lie on the horizontal centreline of the base 
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circle. Nevertheless, the branch piece is symmetitical about the 
vertical centreline, which makes the two branches similar. The 
method of developing the pattern illustrated in this figure, at (a), 
is the same as that adopted for the solution shown in Fig. 1 16, but 
the fact that the apex in the plan is off the horizontal centreline, 



the present problem needs more care and insight to press the drafting 
of the pattern to a successful conclusion. 

Assuming that the plan and elevation of one limb have been set 
down to the required conditions, as shown in the main figure at (a), 
Kg. 198, the full circular base should be divided into twelve equal 
parts, as at 1,2,3, . . . 10,11,12. Join these points to the apex A. 
^om the apex A, which occupies a position on the base line pro- 
duced, swing these plan lengths round to the base line of the elevation 
and from the base line join the points to the apex -4' in the 
elevation. These are the true length lines, and it will be seen that 
some of them fall outside the elevation of the branch. From the 
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apex A' in the elevation swing the true length lines into the pattern. 
Deciding now on the position of the seam, which in this illustration 



is taken from 1 to 8, as shown in the plan, take one of the equal 
divisions from the circular base, and beginning on the arc in the 
pattern obtained from point 1, mark off the distances round the base 
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curve, stepping over from one arc to the next one corresponding to 
the next point on the circle. Thus, points 2'", 3'^, 4"' fall on the arcs 
derived from points 2,3,4, and so on. Dr4w the full base curve 
through these points. Now join the points on the base curve to the 
apex A' in the elevation. Next, using the apex A' as centre, swing 
arcs into the pattern from the points in the elevation where the true 
length lines cross the top edge of the frustum. Where these arcs, 
not shown, cross the corresponding radial lines in the pattern, points 
will be afforded through which to draw the top curve in the pattern. 

It now remains to determine that part of the curve in the pattern 
which represents the joint curve between the two limbs. Project the 
points 1,2,3, . . . 10,11,12, on the circle in the plan, vertically up- 
wards to the base line in the elevation, and from the points obtained 
on the base line draw lines to the apex A'. These are the elevation 
LINES, and are shown as full lines in the diagram at Fig. 198. Where 
the elevation lines from points 4 and 8, 5 and 7, and 6, cross the joint 
line in the elevation, draw horizontal lines to meet the corresponding 
true length lines. Thus, from point 8 the line drawn vertically up- 
wards passes through point 4, giving a common point on the base 
line. The elevation line from this point passes through point a 
on the joint line. The horizontal line drawn from point a meets 
the true length line from point 4, and also, farther along, the true 
length line from point 8. Now swing these new points into the 
pattern to meet the corresponding radial lines from points 4' and 8'. 
This, repeated from points 6 and 7, and also from point 6, should 
give the required points through which to draw the joint curve in 
the pattern, as shown in the diagram. 

AN OBLIQUE CONICAL HOPPERS 

The pattern for the oblique conical hopper illustrated in Fig. 197 
(6) is shown developed in Fig. 199. The plan, it will be seen, is pro- 
jected below the left-hand elevation. The right-hand elevation then 
becomes unnecessary for the solution of the problem. This problem 
may be solved in the same way and by the same method as that of 
the previous example, and may be done by placing the elevation 
below the plan and swinging the plan lengths round from the apex 
A to the inverted base of the cone. The procedure would then be 
similar to that of the problem just described. However, for the sake 
of variety and versatility, the alternative mode of solution illus- 
trated in Fig. 199 is also ^ven. In the elevation it will be observed 
that the comer P' occurs on the centreline C',A' of the cone. In 
setting out the plan, first describe the circle representing the base 
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of the cone, which, since the cone is inverted, is at the top. Next 
locate the apex -4 at 2 ft. 7 in. below the centre of the circle, and, 
of course, vertically below the apex in the elevation. Now, as the 
plane cutting the cone at P'Q' is horizontal, or parallel to the base, 
the plan of P'Q' will be a semicircle, and its centre will lie at P on the 
centreline OA of the cone vertically below P', Its radius PQ will be 



equal to P'Q\ The vertical plane at P'R' will be represented in the 
plan by a straight line through P as shown in the diagram. 

The next step is to obtain the elevation projected at right angles 
to the centreline OA in the plan. The general principles of projection 
should not at this stage require detailed explanation, so it is assumed 
that the projected elevation V^T^A'^ of the full cone will be readily 
obtamed as in the diagram. The semicircle PQ in tlie plan will appear 
in the projected elevation as the straight line parallel to 1^,7^ at a 


264 


THE GEOMETBY OF SHEET METAL WORK 


distance from it equal to Q'S in the elevation. To obtain the curved 
part of the corner cut in the projected elevation, first divide the 
circle in the plan into twelve equal parts, as shown numbered from 
1 to 12. Join these points to the apex A. Next project the points 
on the circle to the top edge 1^,7'', in the projected elevation, and 
join the points obtained on to the apex A". These are eleva- 
tion LINES and are shown as full lines in the diagram. Now, in the 
plan, the lines from points 6,7,8,9,10,11,12 all cross the straight line 
PE. The points where these lines cross PE should be projected into 
the new elevation to meet the corresponding elevation lines from 
1", 1'" to A". Points will thus be found through which to draw the 
curve which represents the vertical plane corresponding to P'E\ 

To develop the pattern, from the apex A swing round the plan 
lengths AS, A9, -410, 411, 412, to the centreline 47, and project 
them from there to the top edge I"', 7^, in the projected elevation. 
From the points on 1",7", draw lines to the apex A". These are true 
LENGTH lines, and are shown chain-dotted in the diagram. From 
the apex A", swing the true length lines into the pattern. Take one 
of the equal spacings from the circle, and, beginning on the inside 
arc from point I", mark off the distances r,2',3', . . . ir,12',P, 
stepping over from one line to the next. Join all these points to the 
apex 4". The seam, it will be noticed, is located at point 1 in the 
plan. 

To determine the shape of the inner curve, the first part may be 
found by swinging into the pattern those points where the true 
length lines cross the straight line representing the semicircle in the 
projected view. It will be seen in the plan that this part of the curve 
lies on the semicircle as far round as the line joiniijg point 6 to the 
apex 4. Thus, the first part of the inner curve in the pattern will be 
obtained as far as the line joining point 6' to A'", as shown in the 
diagram. The next part of the inner curve may be found by pro- 
jecting the points, where the elevation lines cross the curve in 
the projected view, parallel to the base of the cone to meet the 
corresponding true length lines. These points should then be 
swung into the pattern to meet the appropriate radial lines. Thus, 
to follow up the process on one only of these points, take the example 
from point 11 in the plan. The elevation line derived from this point 
eroases the curve at x. From this point a short line is drawn 
parallel to the base l'^,7'^ to meet the corresponding true length line 
derived from point IL This point on the true length line is then 
swung into the pattern to meet the radial line in x' between 11' 
,Mid 4^. This process, carefully repeated with the elevation lines 
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and true length lines from points 7,8,9,10, and 12 will give the re- 
quired points in the pattern through which to draw the second part 
of the inner curve. The remaining short bit between the radial lines 
.4", 12 and .4",!' is a rephca of the curve between the corresponding 
two lines .4'",2' and A'\V on the other side of the pattern. 

COMPLEX DOUBLE TRANSFORMER 

Many times attention has been drawn to the fact that it is the 
unusual problem which needs most careful attention in drafting the 
pattern. An unusual problem is not always an intricate one. Often 



it is just a familiar type turned round or upside down, or is a com- 
bination of elementary parts which only needs to be analysed in 
order to reveal its simplicity. 

The problem shown in Fig. 200 is of a feed connection to a 
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centrifugal machine. The rectangular side forms the inlet, which is 
fed from a chute or conveyer. The circular side forms an air connec- 
tion which assists in the feed of the material through the circular base 
to the machine. This combination may be developed and made in 
one piece of metal if desired, although it would be better and easier 
to make it in two pieces with the seams at 1,2 and 17,18. The 
rectangular top is connected or joined to one half of the base, while 
the circular top is joined to the other half. The rectangular side and 
the circular side are themselves joined together by the triangular 
pieces as shown on one side at 6,8,9. The metal is bent along the 
lines 6,8 and 6,9, but there is a joint along the top edge 8,9 between 
the two triangular pieces. 

The surface is triangulated for development as shown in the figure 
from 1 to 18. The first part from 1 to 7 is similar to a portion of an 
ordinary tallboy transformer; then come two flat triangles, 6,7,8 
and 6,8,9 ; followed by the transforming portion between the semi- 
circle 9-18, and the quarter- circle 6-17. It will be noticed that the 
semicircle 9-18 in the plan is seen as a semi-ellipse. This, of course, 
is obtained by dropping the semicircular edge 9'-18' from the eleva- 
tion into the plan in accordance with standard rules, which should 
be easily followed from the illustration. 

To develop the pattern, first erect a vertical height line and pro- 
ject aU the points on the edge 9'-18' horizontally across to it. Then, 
for the first Une in the pattern, take the true distance r2', direct from 
the elevation and mark off 1",2", in any convenient position to begin 
the pattern, as in Fig. 201. Next, take the plan length 2,3, and mark 
it off along the base line at right angles to the vertical height. Take 
the true length diagonal up to the top, and from point 2^ in the 
pattern swing an arc through point 3". Now take the true length 
1,3, direct from the plan, and from point 1"^ in the pattern describe 
an arc cutting the previous arc in point S'". 

For the second triangle take the plan length 3,4, and mark it off 
along the base line at right angles to the vertical height. Take the 
true length diagonal up to the top, and from point 3'^ in the pattern 
swing an arc through point 4", Next take the true distance 2,4, 
direct from the plan, and from point 2'^ in the pattern describe an 
arc cutting the previous arc in point 4". 

For the third and fourth triangle^ repeat this process with plan 
lengths 3,5 and 3,6, and also with the true distances 4,6 and 6,6, 
direct from the plan. For triangles five, six, and seven, again repeat 
the process with plan lengths 6,7 ; 6,8 ; 6,9, The corresponding true 
distances taken direct from the plan are this ti^e 3,7 ; 7,8 ; and 8,9. 
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In the next three triangles, still radiating from point 6, 4he plan 
lengths 6,10; 6,11; and 6,12 should be triangulated against the 
respective vertical heights, but it will be observed that the vertical 
heights now begin to shorten as the points 10,11,12 occur down the 
inclined edge 9', 18' in the elevation. The true distances between 9 
and 10 ; 10 and 11 ; 11 and 12 should not this time be taken from the 
plan, but from the spacings round the semicircle on the edge 9', 18' 



in the elevation. The remainder of the pattern is straightforward 
triangulation, and should be easily completed by following the 
method already described. 

PITFALLS IN TBIANGULATION 

Although the method of triangulation may be readily.applied to 
the solution of problems which cannot be solved by the other two 
methods, and in some ways may appear to be the simple and ideal 
mode of pattern-drafting, there are pitfalls which mar the success of 
its application unless care be exercised in the preliminary process 
pf dividing the surface of the object into triangles. One of the essen- 
tial conditions is that the straight lines forming the triangles shall 
Ue on the surface of the metal^ or as near that conditipn as possible, 
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Any line placed crosswise on a curved surface must introduce error 
into the pattern. The extent of the error depends on the difference 
between the length of the curved line and that of the straight line 
between its extemities. 

Fig. 203 shows a connecting duct between a rectangle on a vertical 
cylindrical surface and a circle meeting the lobster- back segments. 



15 


(a) 



15 

(b) 


Fig. 202 


The elevation in this figure is a typical representation of the connect- 
ing piece as it would be given on a working drawing. In applying 
triangulation to this problem it is probable that many exponents 
would advocate dividing the surface as shown in the plan at Fig. 
202 (a). The lines forming this arrangement are shown again in the 
elevation above, and it will be seen that not one of them reaches 
the straight top line shown in the elevation at Fig. 203. This indicates 
that the arrangement of triangulation shown in the plan at Fig. 202 
(a) does not meei.the requirements of the original drawing, and that 
the surface triangulated in this way would produce an elevation with 
a curved or broken top line as shown at (a), Fig. 202. The metal, 
in this case, would require beating or distorting to make it conform 
to the required dimensions. Now, referring to the diagram at (6), 
Fig. 202, the top point 1' in the plevation occurs at point 1 in the 
fdan, and similarly point 4^ occurs at point 4. Therefore, the straight 
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line 4',1' in the elevation must occur at 4,1 in the plan, and this 
line represents the surface of the metal between those two points. 
Now, from point 4 it is an easy matter to produce a conical surface 



with lines radiating to points 1, 5,6,7, and a similar conical surface 
from the opposite point 1, with lines radiating to points 4,3,2,15, 
as seen in Fig. 202 (6). If, in these circumstances, a line were con- 
sidered as passing from point 3 to point 6, which corresponds to one 
the lines in the plan at (a), Fig. 202, it can he shown, as in the 
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elevation at (6), Fig. 202, that this line is considerably curved ; a 
condition which should be rigorously avoided. The failure of the 
arrangement of the triangulation shown at (a), Fig. 202, is due to the 
two edges 4,3,2,15 and 7,6,5,1,20, curving in opposite directions. 
The same arrangement is quite satisfactory on the two bottom edges, 
8,11,13,18 and 9,10,12,14,16, since these curve in similar directions, 
as will be seen in Fig. 203. This illustrates a common pitfall in the 
application of triangulation. It does not affect the principles of 
pattern-development by that method, but represents the possibilities 
of error arising out of the faulty division of the surface into triangles. 

SPECIAL TYPE HOOD CONNECTION 

The pattern for the hood connection shown in Fig. 203 has to be 
developed in full, as it is not symmetrical about any axis. Assuming 
that the plan and elevation have been set down to required dimen- 
sions, and that the circular edge l',12 in the elevation appears in 
the plan as the ellipse 1,12, then, beginning at the position of the 
seam 1,2, divide the surface into triangles in the manner shown in 
the diagram. Erect a vertical height line in the elevation and project 
all the points on the edge l',12' horizontally to meet it. Two base 
lines should also be taken out level with 4',15' and 8', 18'. 

For the pattern, take the plan length 1,2, and mark it off along the 
top base line at right angles to the vertical height. Take the true 
length diagonal up to the top point level with 1', and in any conven- 
ient position mark off 1",2'^ in the pattern. Next take the plan length 
1,3, and mark it off along the top base line at right angles to the 
vertical height. Take the true length diagonal up to the top point 
level with 1', and from point 1^ in the pattern swing an arc through 
point 3". Now take the true distance 2,3 direct from the plan and 
from point 2" in the pattern describe an arc cutting the previous 
arc in point 3". For the second triangle, repeat this process with 
plan length 1,4, and the true distance 3,4 from the plan. For the 
third, fourth and fifth triangles, repeat the process with plan lengths 
4,5 ; 4,6 ; 4,7 ; but the true distances between points 1 and 5, 5 and 6, 
6 and 7, must this time be taken from the semicircle on r,12', in the 
elevation. The next triangle, number six, lies in a vertical plane, 
and in the plan is represented by the straight line 4,7,8 in which 
point 4 and point 8 occupy the same position. In the elevation this 
triangle is shown at 4', 7', 8', and, because its position in the plan is 
horizontal, the elevation view represents its true size. Therefore, 
from the elevation, take the true distance 7', 8', and from point V 
in the pattern swing an arc through point 8"^. Next take the true 
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distance 4', 8', direct from the elevation, and from point 4" in the 
pattern describe an arc cutting the previous arc in point S", For 
the next two triangles, the plan lengths 8,9 and 8,10 should be tri- 
angulated against the full vertical height from the base line, and 
the true distances between 7-9 and 9-10, should be taken from the 




Petrol Measure . 

Fig. 204 


semicircle on r,12'. From this point the remainder of the pattern 
should present no difficulty, provided care be taken to triangulate 
the plan lengths against their respective vertical heights, and that 
only true distances are taken for inclusion in the pattern, 

COAL HOD AND PETROL MEASURE TOP 

The form of the coal hod shown in Fig, 205 represents a type of 
problem which is adaptable to several uses. Some of the purposes 
^0 ^bich it applies are shown %t Fi|. 204, The top for the petro} 
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measure is mucii used as a safety pouring device, while the branch 
piece is sometimes favoured in preference to other designs. 

Development of the pattern by triangulation is not difficult, 
provided that the usual care is taken to place each plan length against 
its appropriate vertical height. This remark applies chiefly to the 
top portion, seen in the elevation between the points 7',9',21',20', 
Pig. 205. The large hole at the top, 1' to 21', is circular in the plan, 



but its true shape is somewhat elongated, and the true distances 
between the points on its circumference must not be taken direct 
from the plan, but obtained by triangulation. The smaller hole at 
the top, 15',21', is circular in its actual form, and therefore appears 
as the ellipse 15,21 in the plan. As the plan is symmetrical about 
its horizontal centreline, only one half of the surface is triangulated 
for the pattern. To divide the surface into triangles, join the quad- 
rant 2,8, in the bottom to the quadrant 1,7, in the top by the zigzag 
line 1,2, 3,4, 6,6, 7, 8. This line in the elevation is represented by the 
points l',2',3',4',5',6',7',8'. Then comes the large triangle, seen best 
in the elevation et 7', 8', 9', and in the plan at 7,8,9/ The next part 
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of the surface, again best seen in the elevation, is divided into tri- 
angles by the zigzag line from 8', 9' to 14', 15', and in the plan as seen 
at 8,9,10,11,12,13,14,15. The remaining part of the surface to be 
divided into triangles occurs in the elevation from 7',9' to 20', 21', 
and in the plan between the points 7,9,16,17,18,19,20,21. In the 
plan, this last part to be triangulated somewhat overlaps the pre- 
vious part, but with care in numbering the points the solution should 
not be troublesome. 

To develop the pattern, erect a vertical height line, and project 
all the points on the two top edges l',20' and 15',21' horizontally 



on to it. For the first triangle take the true distance l',2' direct from 
the elevation and mark off l'',2" in any convenient position to begin 
the pattern. (See Fig, 206.) Next take the plan length 2,3, and mark 
it off along the base line at right angles to the vertical height. Take 
the true length diagonal up to the point level with 3', and from point 
2" in the pattern swing an arc through point 3^. Now take the true 
distance 1,3 direct from the plan, and from point 1" in the pattern 
describe an arc cutting the previous arc in point S", 

For the second triangle, take the plan length 3,4 and mark it off 
at right angles to the vertical height. Take the true length diagonal 
up to the point level with 3' and from point 3"^ in the pattern swing 
an arc through point 4^. Next take the true distance 2,4, direct from 
the plan, and firom point 2" in the pattern describe m cutting 
the previpus a^ro in point i". 
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For the third triangle, take the plan length 4,5, and naark it off at 
right angles to the vertical height. Take the true length diagonal 
up to the point level with 5', and from point V in the pattern swing 
an arc through point 5". Now, for the true distance between points 
3 and 5, as the top edge now begins to rise, the plan length Should 
be triangulated against the vertical height by marking off the plan 
length 3,5 along the line level with point 3', and the true length 
diagonal taken up to the point level with 5'. Then from point 3"" in 
the pattern describe an arc cutting the previous arc in point 5". 

For the fourth, fifth, and sixth triangles, repeat this process with 
plan lengths 5,6 ; 6,7 ; 7,8 ; taking the true distances 4,6 and 6,8 for 
the bottom edge direct from the plan. The true distance for the top 
edge, between points 5 and 7, should be obtained by triangulation 
as in the case of the distance between points 3 and 5. 

The next triangle 7", 8"', 9" is obtained by triangulating the plan 
lengths 7,9 and 8,9 against their respective vertical heights, and 
marking them off in the pattern as shown in the diagram. From this 
point the system of triangulation takes two directions; one from 
the line 8,9 to the line 14,15 ; and the other from the line 7,9 to the 
top line 20,21. With care in following the method just described, 
the remainder of the pattern should not be difficult to complete. 
The true distances for the small circular hole should be taken from 
the semicircle 15', 21' in the elevation. 

CONICAL HOPPER CORNER 

It is sometimes required that the comers of a tapered hopper 
should take a radius in the form shown at (a) in Fig. 207. The flat 
sides of the hopper, produced, taper to a centra^ point or apex. 
Without a radius the comers would be as shown at (6), Fig. 207. 
The radius at the top at (a) is larger than that at the bottom, and 
the two respective centres are shown at 0 and o, 0 is the centre 
of the quadrant 0,6,c, and o is the centre of the quadrant o,d,e. A 
line drawn through 0,o and two more through b^d and c,c should all 
meet at a. It should be clear from the diagram that the point 
a is the apex of a quarter of an oblique cone, as seen at a.d^b^c^e. 
The development of the pattern for this comer is easy and straight- 
forward when dealt with by triangulation, but as an oblique conic 
iroblem, which is not a difficult one, it may offer some degree of 
interest to the student of sheet metal geometry. The solution on 
oblique conic lines is given in Fig. 208. 

In the plan of the comer, Fig. 208, the centreline of the cone is 
dJ^owDi at a,0,/. The quadrant fbrn^ fhe l^ase an4 is divide4 
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into three equal parts, as at b,g ; g,h ; and h,c. The elevation a\0\f 
is projected at right angles to the plan centreline a,0,/, and the 
height HT represents the vertical depth of the hopper. 

To develop the pattern, with a in the plan as centre, swing the 
points byg,hyC round to the centreline a,0,f. Project the points 
obtained on the centreline into the elevation to 0',/'. With a' as 
centre, swing arcs from the points obtained on O'J' into the pattern. 
Also, from the points on 0',/', draw lines to the apex a'. From the 




Fig. 207, 

points where these lines cross the bottom base line o', again swing 
arcs into the pattern. Now take one of the equal distances 6,^; 
q,h ; or A,c from the quadrant in the plan, and, beginning on the 
inside arc from the top, mark off the distanced stepping 

over from one arc to the next, as shown in the diagram. Draw in 
the top curve. Join the points on the top curve to the apex a', and 
where these radial lines cross the inside arcs from the bottom, points 
will be afforded through which to draw the bottom curve. 

That part of the pattern shown between the points 
represents the oblique conical comer. It still remains to obtain the 
relative position or direction of the straight sides as determined by 
the lines and In the pattern the lines and 

represent the true depths of the side plates, and to obtain these take 
the plan lengths and 6,n, and triangulate them against the 
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vertical height HT in the elevation. Take the true length diagonals, 
and from the points d'' and e" describe arcs with the respective true 



lengths through m" and n". Then draw tangent to the first arc, 
i^id c"yn'' tangent to the second arc. The corresponding lines from 
and e'" may now be drawn parallel to and 
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Chaptbb 15 

DOUBLE PROJECTION 

When systems of pipe work are designed by the engineer or draughts- 
man, they are usually set out on drawings in accordance with the 
principles of orthographic plans and elevations. These drawings 
are those which find their way to the workshop when the order is 
placed for construction. The draughtsman rarely takes into consider- 
ation the placing of views on the drawing which will help the crafts- 
man to draft his patterns. In consequence, of this, many simple 
problems of pattern-development involve difficult problems of pro- 
jection before the pattern can be drafted. It is true that some gifted 
craftsmen can apply rule-of-thumb methods with reasonable success, 
but when accuracy is an important condition, methods of chance 
are not always satisfactory nor profitable. Against this, draughts- 
men themselves do not always draw their views correctly, which is 
not helpful when work has to be ‘'made to drawing.’’ Therefore the 
problems dealt with in this course are not set down in their simplest 
form, ready for development, but are presented as they would be 
given on standard working drawings. 

The example shown in Fig, 209 is a simple section of duct work 
showing an offset in a line of pipe with a branch in the middle. The 
plan is almost exactly the same as the elevation, yet there is nothing 
peculiar about the conditions given in this problem. They are quite 
commonplace, and the views are correctly presented. There are 
two points of interest arising out of this drawing which would have 
to be settled satisfactorily in the course of construction. One is the 
actual angle required for the elbows, and the other is the develop- 
ment of the branch pipe at the intersection. 

The correct representation of the joint lines in the two views at 
Pig, 209 is a problem of draughtsmanship, and assuming that these 
tines were correctly drawn, the pattern for the branch piece could 
be developed, or “unrolled,” direct from either the plan or the 
elevation. However, the stages of projection required to pro- 
duce true lines of intersection are rarely considered neoessary 
by the draughtsman, and the joint lines are more often drawn 
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approximately. Nevertheless, to develop [the pattern correctly, 
a tnie line of intersection must first be found. 



DOUBLE PROJECTION APPLIED TO PIPE INTERSECnON 

To determine the line of intersection, sometimes two or even three 
projections jare necessary. In problems of this kind the object is to 
obtain a view of the pipe and branch as they would be seen lying 
flat on the paper. It will be observed that neither the plan nor the 
elevation in Pig. 209 fulfils this condition. Referring now to Pig. 
210, the first stage is to project a side elevation in the direction of 
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arrow A, in which JRjM' is the off-centre distance taken from the 
plan. The second stage is to project a view in the direction of arrow 
B, This projected view is the one in which the pipe and branch lie 
flat on the paper. The third step is to obtain a second projected view 
in the direction of arrow C, from which the joint line is then found 
by projecting back to the first projection. 

The important principle governing these projections is the transfer 
of heights or distances from one view to its complement in the third 
position. Thus, in the Front Elevation, the distance 0,N represents 
the horizontal distance between the two intersection points M and 
N. This distance, 0,N, when turned up into the side elevation, 
becomes the vertical distance, at right angles to the plane of the 
paper, between the points M' and N\ and in this view the point N' 
covers point O'. In the next step the distance 0,N is transferred 
to the first projection and becomes the projected distance 0'',N" 
between the intersection points Since this projection is at 

right angles to the centrehne M\N' in the side elevation, the pro- 
jected centreline M",N" is its true length, and therefore lies flat 
in the plane of the paper. Similarly, as the centreline P,Q of the 
branch piece becomes vertical in the side elevation, it will lie flat in 
the plane of the paper when transferred to the first projection. 

From these conditions in the first projection, the true joint line 
may easily be obtained by making yet another projection in the 
direction of arrow C, in which the cross-section of the pipe M",N" 
appears as a circle. The circular end a', 6' of the branch appears as 
the ellipse a", 6". It is assumed that the reader is acquainted with 
the elementary principles of projection, and it should suffice there- 
fore to indicate that the ellipse is projected from a',b' in the first 
projection. The points obtained on the ellipse are projected to the 
circle, and from the circle back to meet the lines projected from a', 6' 
along the surface of the branch pipe. Thus the true joint line n^ay be 
drawn in through the points of intersection. 

The pattern may now be “unrolled” in the usual way, as shown 
in the illustration at Fig. 210. The actual angle of the elbows is also 
obtained in, the first projection, as is shown at each end of the pipe. 

In order to obtain the true fine of intersection in the front eleva- 
tion, and also the true elliptical form of the joint lines at the elbows, 
it will be necessary to project back from the first projection to the 
side elevation, and from there to the front elevation. Thus, the 
points on a', 6' obtained from the semicircle thereon should be pro- 
jected back to the circle representing the branch pipe in the side 
elevation. The points obtained on this circle should then be projected 
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horizontally to a, 6 in the front elevation. Now, from the branch pipe 
in the first projection take the distances from the edge a\b' to the 
joint line in that view, and mark these off along the corresponding 
lines from afi in the front elevation. For example, take the distance 
from the first projection and, following the line back to the 
circle in the side elevation, and from there to the base a,b of the 
branch in the front elevation, mark off e,f on that line which corre- 
sponds to e'J'. It will be seen that the lino from e'J' cuts the circle 
in the side elevation in two points which correspond to similar lines 
on opposite sides of the branch pipe. Therefore, the distance c',/' 
should be marked off along both of the corresponding lines in the 
front elevation, as shown in the illustration. This process, repeated 
with the other distances from the branch pipe in the first projection, 
should afford sufficient points through which to draw the true 
intersection curve in the front elevation. 

Now, to obtain the elliptical joint line at N in the front elevation, 
project the points on the semicircle c\d' in the first projection back 
to the corresponding circle in the side elevation, and from there 
project the points horizontally to the edge c,d in the front elevation. 
A similar process of transferring the distances from the first projec- 
tion to the front elevation will afford means of producing the ellipse. 
For example, take the distance g\h' from the first projection, and, 
carefully following the line back through the side elevation to the 
front elevation, mark off g,h on the two corresponding lines. This 
process repeated with the other lines on the elbow piece should give 
sufficient points through which to draw the true elliptical shape of 
the joint at the elbow in the front elevation. The joint line at the 
opposite end of the section may be obtained in the same way, or 
repeated by any other means, since it is exactly the same in form as 
the one just described. 

A SHORTER METHOD 

While the above description is somewhat full in the matter of 
projections, it is realized that most craftsmen will be concerned only 
with that part which produces the pattern. With this in view, most 
of the operations can be performed without actually drawing the 
views, except the branch piece itself, of which the pattern is required. 
In Fig. 211 the centrelines only are ^nanipulated in order to arrive 
at the position of the branch pipe. The triangle M,N,0 corresponds 
to triangle M^N,0 in Fig. 210, and the distance R,M' to the off- 
centre position of M' . Then the»line N\N" is drawn at right angles 
to M\N\ and the distance is cut off equal to O^N, P^Q, the 
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centreline of the branch piece, is produced to F', and then projected 
at right angles to M',N' to cut M'\N" in Q'\ The distance is 
then cut off equal to P,Q, which is the centreline of the branch in 
the required projection. 

Now, through P", at right angles to P'\Q'\ draw the base of the 
branch piece and produce it to form the base line in the pattern. 



On the base of the branch describe a semicircle, divide it into six 
equal parts, and project the points through to the joint line. 
Next, with M" as centre, describe the two quadrants, the outer 
with a radius equal to that of the larger pipe, and the inner with 
a radius equal to that of the branch pipe. Divide the inner 
quadrant into three equal parts, and from the points thereon drop 
Ihies perpendicular to to cut the outer quadrant. From 

the points on the outer quadrant draw lines parallel to to 

meet the lines projected from the base of the branch pipe. Thus, 
points will be obtained for drawing in the line of intersection, 
and the pattern may be “unrolled ** in the usual way. 
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MORE PROJECTIONS 

The illustration at Fig. 212 is a further example of pipe work, 
presented in ordinary plan and elevation, which contains problems 
of development requiring two or more projections before the patterns 
can be drafted. The connecting piece to the corner of the rectangular 
duct forms an elbow at E with the horizontal pipe. The true angle 
of the elbow is not seen in the plan nor the elevation, but this angle 
has to be found in the course of solution. The horizontal pipe E,F 
divides at F into two branches of equal diameter, which turn into the 



Fig. 212 


vertical to meet uptake pipes from two hoods. The hoods are not 
shown. The horizontal pipe and the two branches from a 
piece which, if all three were in one plane, would be a very easy 
problem of development, but since the two branches dip at an angle 
of 30 degrees to the horizontal pipe, a double projection is needed to 
obtain the conditions necessary for developing the pattern. 

A DDTICULT PIECE 

The solution of the above problem is given in Fig. 213. The first 
projection is equivalent to a side elevation, and the second projection 
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produces the conditions from which the patterns are ‘‘unrolled/’ In 
the first projection the distance between the points A' and B' should 
be equal to the distance between the points A and B in the plan. 
The points A and B in the plan may be marked off in any convenient 
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position along the centrelines of the branches, but both equal in 
distance from the centre point 0. Thus, in the elevation, point B 
lies behind point A. Now, the object of the second projection is to 
obtain a view of the horizontal pipe with one of the branches as they 
would be seen lying flat in the plane of the paper. This is done by 
taking the second projection in the direction of the arrow at right 
angles to the centreline in the first projection. 

First mark off tiie position of the base line through C", and then 
mark off the distance C"0'' equal to C,0 from the elevation. Mark 
off 0'\M" at right angles to C"yO". Next project point B' into the 
second projection, and from the point M"y mark off M'\B" equal to 
MyB from the elevatiom. Join 0'\B". Then C",0",B" represents the 
true angle of the elbow between those two pipes, and the joint line 
is the straight line J,Z, which bisects the angle C",0'\B". A straight 
line DyE through B" at right angles to 0",J5" may now be drawn to 
represent the end of the pipe, and the pipe itself drawn in. Describe 
a semicircle on DyEy divide it into six equal parts and project the 
points perpendicularly back to DyE. From the points on DyEy 
project lines into the first projection to obtain the elhpse around 
the centre B\ 

The next step is to obtain the elliptical curve in the second pro- 
jection which represents the joint line between the two branches 
A and B, From the points on the ellipse around the centre B'y draw 
lines parallel to the centreline 0'yB\ to cut the circle around the 
centre O'. From the points on the circle draw lines into the second 
projection to meet the joint line JyL. From the points on the joint 
line JyLy project lines on to the edge of the pipe DyEy thus completing 
the circuit. 

Now, some of the lines in the first projection parallel to O'yB' 
cross the joint line between the branches A and By as, for example, 
where the line from poiiit b crosses the joint line at c. All the 
points on the joint line should now be projected into the second 
projection straight through to meet the corresponding lines on the 
branch pipe. For instance, the point c is projected through to 
meet the corresponding line at d. It will be observed that the 
line byC in the first projection is the line corresponding to in the 
second projection. This process repeated with the other points 
should provide sufficient through which to draw the half-ellipse in 
the second projection. The pattern for that branch may now be 
‘‘unrolled” in the usual way as shown in the Illustration. The seam 
in this case is made along the line LyEy instead of the shortest, 
which somewhat simjplifies the pattern-development. 
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The pattern for the pipe on may also be ‘‘unrolled ” as shown 

in the diagram, by projecting the points on the joint line JyL into 
the pattern for the contour. It will be seen that a smaller semi-ellipse 
is shown below the joint line J,jL. This represents the part of the 
joint line which occurs between that pipe and the branch as it 
would appear in the second projection, but remembering that the 
joint line on this pipe is similar for both branches, that semi-ellipse 
is not essential for the drafting of the pattern. Thus, the half-pattern 
from 1 to 8 is repeated in the reverse order from 8 to 1'. 

However, the semi-ellipse may be readily plotted by locating the 
points where the lines, projected into the pattern from the joint line 
JyL, cross the symmetrically opposite lines rising from the first 
projection. For example, in the first projection the point marked x 
lies at the same height or level as the point symmetrically opposite 
marked x\ Therefore, in the second projection, where the point on 
J,L, which corresponds to point x, is projected into the pattern and 
crosses the line rising from x', the position of x' will be located on 
the semi-ellipse. This process applied to the other points on the 
opposite side of the joint line in the first projection will locate suffi- 
cient points through which to draw the semi-ellipse. 

In order to obtain the true elliptical shape of the joint line in the 
elevation, the points on the circle in the first projection should be 
projected into the elevation, and then, from the second projection, 
the heights or distances from the base line through C" to the joint 
line J,L should be taken and marked off along the respective lines 
from the base line through C in the elevation. The elliptical curve 
may then be drawn in. 

The elliptical shape of the branch end at ^4 in the elevation may 
most easily be obtained by setting off the projected edge as shown 
in the diagram. The distance F'^,A" should be marked off equal to 
F,A, in the plan, and the pipe edge drawn through A'^ at right angles 
to 0,A". The method of projecting the ellipse back into the elevation 
should now be evident from the illustration. 

THE WORK SHORTENED 

The projections dealt with in the above problem have been shown 
in full, but in cases where the patterns only are required much of the 
work may be omitted if the processes of projection be clearly under- 
stood. The illustration at Fig. 214 shows the problem arranged for 
the development of the patterns. The centrelines only are used to 
obtain the second projection from which the patterns are drafted. 
In the composite plan, Fig. 214, which ie equivalent to the first 
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projection in Fig. 213, the centrelines C,0,B represent those from 
the elevation. The centreline 0,J5' is similar to that set out in the 
first project^n, in which M,B' is equal to half of the distance be- 
tween A and B in the plan. The second projection is now made at 
right angles to 0,B', and the distance 0,0" marked off equal in length 
to 0,0. Next, is marked off at right angles to 0,0", and the 



height M'^,B" made equal to the distance M,B. The line D,Ey repre- 
senting the end of the pipe, is now drawn through at right angles 
to O'^yB'", In the composite plan, instead of drawing the elliptical 
end of the pipe, a straight line through J5' may be drawn at right 
angles to 0,J9', and made equal to the diameter of the pipe. Next, 
(m this diameter through B\ and also on D^Ey draw semicircles, 
divide each into six equal parts and project the points through to 
meet, m the one case, the circle around 0, and in the other case the 
joint line 

The {HTOoeduib now for obtaining the eUiptioal joint line in the 
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second projection is precisely the same as in the previous example. 
The patterns may also be unrolled in the same way. 

ELBOW CONNECTION TO RECTANGULAR kPE 


In order to effect a solution of the problem of the elbow connection 
to the rectangular pipe shown in Fig. 212, the object will be to obtain 



a view of the elbow as it would be seen lying flat in the plane of the 
paper. The first projection is taken in the position of a side elevation, 
see Fig. 215, and the second projection at right angles to the centre- 
line 0\B' of the branch connection. In the first projecticm the 
distance 0\C' is ecjual to the corresponding off-centre distance taken 
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from the plan, which is not shown in Fig. 215. Next, to obtain the 
centrelines in the second projection, mark*off A'\0" in any conveni- 
ent position parallel to A\0\ and from A" mark off A",B" equal to 
A,B in the elevation. Produce A'^B" to i)", making B'\D" equal to 
ByD in the elevation. Then 0"yB"yD" represents the true angle of 
the elbow, and J,L the joint line between the pipes. 

Next, the elliptical curves in the first and second projections 
representing the joint lines have to be obtained. To do this, describe 
a semicircle on the end of the pipe EyF in the second projection, 
divide it into six equal parts and project the points perpendiculyly 
back to EyFy and on through the joint line J,L to the circle in the 
first projection. From the points where the lines meet or cut the 
circle in the first projection, draw lines parallel to the centreline 
B'yO\ From the points where the lines cross the joint line JyL, draw 
lines parallel to the centreline B",0". 

The elliptical joint line in the second projection may be regarded 
as a part of a complete ellipse which would occur if the pipe were 
entirely cut by the horizontal base MyN of the rectangular duct, 
as seen in the first projection. Thus, the complete ellipse may be 
plotted by projecting all the points where the lines on the branch 
pipe meet MyN into the second projection to meet the corresponding 
lines on the branch pipe. For example, in the first projection, the 
lines a,a" ; 6,6" ; and 6',6" meet the horizontal line il/,N, in a" and 6". 
Then points a" and 6" are projected into the second projection to 
meet the corresponding lines from points a,6 and b\ This process 
repeated with the other points on MyN should afford sufficient points 
through which to draw a full ellipse in the second projection. How- 
ever, only that part of the ellipse is required which lies above the 
line through G". The distance 0",(?" is marked off equal to 0,6? half 
of the width of the rectangular duct in the elevation. 

That part of the ellipse which occurs in the first projection is the 
joint line which lies up the side OyH of the rectangular duct, and 
may be plotted by projecting the points on the line 0" back from the 
second projection to the corresponding lines in the first projection. 
For example, the point p in the second projection corresponds to 
the point p' in the first projection. Similarly, the point k corresponds 
to point k\ With a little care the remainjpg points on that curve 
may be found by following this reverse projection, as shown in the 
diagram. 

The patterns may be obtained from the second projection by 
“unrolling “ in the usual way. The seam is taken as from J5" to D" 
and JS" to k. In view of the many examples already described, a 





Fig. 216 


to arrive at the conditioiis necessary for “unrolling'* the pattern. 
The main pipe in the plan is shown set over to miss the belt drive 
of the machine, and this oflF-set not only adds to the difficulty of 
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developing the patterns, but complicates the problems of draughts- 
manship in setting out the joint lines correctly in the elevation and 
plan. The branch pipe forms an alternative feed connection to the 
machine. 

As in the previous problems of this kind the object is to obtain a 
view of the pipes as they would be seen lying flat in the plane of the 
paper. The first projection, Fig. 217, is a view looking into the branch 
pipe, that is, in the direction of arrow A. In this view the branch 
pipe is presented as a plain circle. The second projection is then 
taken at right angles to the central axis of the main connecting pipe 
in the direction of arrow B, as shown in the diagram at Fig. 217. 
The second projection is the view required, in which the two pipes 
lie flat in the plane of the paper. This means that the central axes 
are seen at their true lengths, and at the true angle in relation to 
each other. Since the two pipes are of equal diameter, the line of 
intersection is composed of the two straight lines as shown at 

To obtain the first projection the central axis QyS of the branch 
pipe should be projected to Q\8\ which is a single point representing 
that axis at right angles to the plane of the paper. From the point 
S', mark off S',N' back along the line of projection equal in length 
to the distance S,N taken from the plan. Through N' draw M',0' 
at right angles to the line of projection. Next, project points P and 
0 from the elevation into the first projection, the projectors passing 
through and locating the points M' and O', Now mark off M',P' 
equal in length to the distance M,P taken from the plan. A Une 
drawn through P',S',0' represents the central axis of the main pipe 
in the first projection. The circle around S' may now be drawn to 
represent the branch pipe, and also the lines tangent to the circle 
parallel to P',S',0' to represent the main pipe in the first projection. 
The ends of the main pipe have yet to be drawn. From the point 0 in 
the elevation, draw M,N,0 at right angles to the lines of projection 
thus making it parallel to M',N',0' to serve as a ground line. 

The next step is to project the point S' into the second projection, 
and mark off S'',Q'' equal to the distance S,Q taken from the ele- 
vation. Also, on the same line of projection, mark back 8",^ equal 
to the distance 8,N taken from the elevation. Now, through N" 
draw M'',N'',0" at right angles to the line of projection. This may 
be regarded as a ground line in the second projection which corre- 
sponds to its counterpart, M,N,0, in the elevation. The points P' 
and O' may now be projected into the second projection, passing 
through and locating'the points M" and 0", Mark off M" ,P'' etCffioX 
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to the distance M,P taken from the elevation. A line drawn through 
P'\8'\0" represents the central axis of the main pipe in the second 
projection, and the line represents the central axis of the branch 
pipe. Both of these axes are now in a plane corresponding to that of 
the paper, and are therefore seen in true length and relation to each 
other. Through P", draw CyD at right angles to 0",P" to represent 
the end of the main pipe. Similarly, EyF, drawn through Q" at right 
angles to S"yQ"y will give the end of the branch pipe. The two pipes 
may now be drawn in, and also the joint line R'yS"yT". The shape 
of the other end of the main pipe at O" has yet to be obtained. 

In order to determine the shape of the end of the main pipe at 0'\ 
which fits on the angular corner of the machine body, the process 
of projection must be in the reverse order. On the end of the pipe 
CyD describe a semicircle and divide it into six equal parts. Project 
the points perpendicularly back to C,Dy and produce them along the 
pipe parallel to the central axis P" yO" . Next project the circular 
end CyDy back into the first projection to obtain the ellipse around 
P'. The points obtained on this ellipse, which correspond to those 
on CyDy should now be projected along the pipe parallel to the cen- 
tral axis P',0'. These lines also correspond to those already drawn 
on the pipe surface in the second projection. The next step is to 
project the ellipse from the first projection back into the elevation. 
In this projection it will be observed that the lines from the ellipse 
do not cross the diametrically opposite points, and this results in 
twelve projector lines instead of six or seven. In order to locate the 
points on the ellipse in the elevation, take the perpendicular heights 
from the ground line in the second projection up to the line CyDy 
and mark these heights up on the corresponding lines from the 
ground line MyNyO in the elevation. The points thus located should 
provide sufficient through which to draw the ellipse representing the 
end of the main pipe in the elevation. Now, from the points on this 
ellipse draw lines parallel to the central axis P,0, to meet the angular 
comer of the machine, €is shown in the diagram. The next step is to 
draw lines from the points on the angular comer to meet the corre- 
sponding lines on the pipe surface in the first projection. Thus, in 
the elevation the point a on the ellipse corresponds to point a' in the 
first projection, and the line a, 6 corresponds to the line a', 6' in the 
respective views. Then the line drawn from b into the first projection 
meets a\b' in point 6'. This process repeated from all the other 
points on the angidar cotner shoidd provide sufficient points in the 
first projection through which to draw the contour representing the 
joint line on the angular comer. 
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This joint line or contour may now be transferred to the second 
projection by projecting all the points on the contour in the first 
projection to the corresponding lines in the second projection. Thus, 
in the second projection the line a^,6^ corresponds to the line a\b' 
in the first projection. Then, the line drawn from point 6' into the 
second projection should meet the line a"yb'^ in point 6". In this way 
the contour representing the joint line on the angular comer may be 
obtained in the second projection. 

The patterns for both pipes may now be “unroUed** as shown 
in the illustration. The seam on the branch pipe is made on the 
shortest side EyR'^ in accordance with the usual practice. The seam 
on the main pipe may be taken at almost any point according to 
choice. In the illustration it is taken at 0,0, on the opposite side to 
the branch pipe. 

If it should be desired, as a matter of draughtsmanship, to deter- 
mine the shape of the joint line between the two pipes in the eleva- 
tion, this may be done by projecting back from the second projection 
through the first projection into the elevation. Thus, project the 
points on the semicircle EyF, through R",S",T"y to the ground line 
M"yN"yO". Further, these points should be projected on to or located 
on the circle around S' in the first projection. Then, from the points 
on the circle, project lines into the elevation. The next step is to 
take the perpendicular heights from the ground line M^yWyO" to 
the points on the joint line R'^S^yT", and mark them in the elevation 
up the corresponding hnes from the ground line MyNyO, For exam- 
ple, the height c" yd" in the second projection may be traced back to 
the point c'yd' in the first projection and on to the elevation to be 
located at the height c,d in that view. The top extremity d is 
then one point on the contour of the joint line. This process repeated 
with all the other perpendicular heights from the second projection 
should give sufficient points in the elevation through which to draw 
the contour of the joint line as shown in the illustration at Fig. 217. 

AN OFF-CENTRE FIFE ON OBUQUE CONE 

While a cylindrical pipe intersecting an oblique cone in an off- 
centre position is by no means a difficult problem when arranged in 
a convenient position for development, it may prove very perplexing 
when presented on a working drawing to suit given conditions. In 
the illustration at Fig. 218, the elevation and plan show an oblique 
conical reducing piece intersected by a cylindrical pipe. The true 
angle or inclination at which the pipe meets the cone is not se^ in 
either the plan or the elevation, but in the first projection the true 
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angle is obtained between the plane of the base of the cone and the 
central axis of the cylinder. The pattern for the cylinder may be 
“unrolled” from this view when the shape of the joint line is 
determined. 

To obtain the true angle of inclination of the cylinder, produce the 
centreline M,P of the cylindrical pipe in the elevation to meet the 
plane of the base at P. The position of this point, which may occur 
inside or outside of the actual base of the cone, is located in the plan 
at P' by dropping a vertical line from P in the elevation to meet 
the centreline M'P' of the cyhnder in the plan. 

It is assumed, of course, that the ordinary conditions of the plan 
and elevation have been set down in accordance with the require- 
ments of the working drawing, and therefore the position and direc- 
tion of the central axis of the cylindrical pipe and the centreline of 
the oblique cone in these two views are taken as given. 

The first projection is now taken at right angles to the centreline 
M\P' of the cyhnder in the plan. Draw the base line N",P" in any 
convenient position at right angles to the projectors, and mark off 
N^^M" equal in height to N^M taken from the elevation. Project 
P' to the base line, to obtain P". The fine M"P" then represents the 
centreline of the cylinder at its true angle with the plane of the base 
of the cone. The oblique cone may now be drawn in the first pro- 
jection by transferring the base and the top to their respective posi- 
tions with the appropriate vertical height between them. The 
diameter of the cylinder may be marked off through if" at right 
angles to if",P", and the pipe drawn in. The extremity of the pipe 
^above if" bisects the angle between the pipe and the segment shown 
chain-dotted. 

The next process is to obtain the line of intersection between the 
cylinder and the cone. It wiU be seen in the plan that the cylinder 
intersects the cone at the position, approximately, of the bottom 
left-hand quarter of the conic surface. Therefore, regarding the 
centrelines a,0 and a',Q of the top and bottom circles as parallel to 
that of the cylinder M',P\ divide the top quadrant into six equal 
parts, as at a,b,c,dyejf,g and the corresponding bottom quadrant also 
into six equal parts, as at a',b\c\d\e\f'yg\ Join the corresponding 
points on these quadrants, as at a, a' ; 6,6' ; . . . g,g'- Now tr^insfer 
the^e points on both circles to the top and bottom edges in the first 
projection, and join the corresponing points as shown in the 
illustration. 

The next step is to obtain the second projection, which is a view 
looking straight into the branch pipe in the direction of arrow B, 
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Produce the centreline and mark off the centre-point R' 

in any convenient position. The point R' is the centre of the circle 
representing the branch pipe. Now project the circular top and 
bottom of the cone from the first into the second projection, to obtain 
the respective ellipses around the centres 0' and Q', An important 
point* should be observed here. The off-centre distances between the 
three centres, R\Q\ and 0\ may be obtained from the plan. From 
the point R on the centreline of the branch pipe in the plan, the 
perpendicular distances of the bottom and top centres are R^Q 
and R,T, respectively. Take these distances and mark them off in 
the second projection back from R' on the projected centreline, as 
shown at R',Q'\T\ Thus, the centre Q' hes on the i)erpendicular 
below Q", and the centre O' lies on the perpendicular above T'. 

Assunung, now, that the six points have been obtained on the top 
and bottom ellipses, and joined as shown in the diagram, it will be 
seen that the line joining the points on the ellipses cross the circle 
around R'. The points where these lines cross the circle may now be 
projected back into the first projection to meet the corresponding 
lines on the conic surface in that view. For example, where the 
line dyd' crosses the circle at point 10, this point is projected back 
into the first projection to meet the line hji', in point 10' in that view. 
Similarly, where the line g,g' cuts the circle at point 7, and the line 
a,a' crosses at point 13, projectors back to the corresponding lines 
g,g' and a,a' in the first projection will give points 7' and 13'. This 
process repeated with all the other points around the circle in the 
second projection will afford sufficient through which to draw the 
joint curve in the first projection. Preparatory to the next operation, 
all the projector lines from the circle to the joint curve should be 
produced to meet the other end of the pipe beyond point iff". 

The pattern may now be ‘‘unrolled*’ from the branch pipe in the 
first projection, ftoject the diameter or girth line through point M" 
into the pattern, and, beginning at any convenient spot, mark off 
the distances, 5, 1,2,3, . . . 12,13,5, equal to those around the circje 
in the second projection. It will be observed that the seam is taken 
at the position of point 8 on the horizontal centreline of the circle. 
The spacings thus marked off along the girth line in the pattern are 
all different in lengthy according to the various positions at which 
the conic lines across the circle in the second projection, but when 
all marked off in their correct order the total length of the girth line 
should be equal to the circumference of the circle. Next, from all 
the points on the joint curve, and also all the points on the other 
end of the pipe beyond if" in the first projection, project lines into 
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the pattern parallel to the girth line. Through all the points on th6 
girth line draw lines at right angles to it to meet the corresponding 
lines parallel to it, when curves drawn through the appropriate 
points of intersection will give the contour of the pattern, as shown 
in the illustration. 

ihe joint curve in the plan and devation may be obtained^from 
%he first projection by locating the points on the conic lines a' to g' 
in their respective positions in each view. For instance, the vertical 
Wght of each point from the plane of the base will be the same both 
in the elevation and the first projection. It is, therefore, only a matter 
of transferring these heights from one view to the other in order to 
obtain the required points on the corresponding conic lines through 
which to draw the curve. 



Chapter 16 
TWISTED SURFACES 

Problems of twisted surfaces are generally more perplexing than 
difficult. Some surfaces appear to be twisted when, in fact, they are 
merely rolled. In the projected view of the transition piece shown 
in Fig. 221 the surfaces have every appearance of being twisted, but 
a careful study of the front and side elevations will show that each 
of the four sides of which the transition piece is composed is bent or 
roiled to a portion of a cylindrical surface. The example shown in 
Fig. 220 is a problem of a similar character, but presents an appear- 
ance more akin to a swan-neck. Nevertheless, the four sides com- 
posing the transition piece need only bending or rolling in order to 
bring them to the required shape. 

In these two examples it is important to observe that while the 
duct as a whole constitutes a twist, the plates which form the sides 




219 . . 

of the duct are not themselves twisted. The difference between an 
apparent twist and a real twist is shown in a somewhat simple illus- 
tration in Fig. 219. For instance, in the example at (a), the rectangle 
A,jB,(7,2> is turned through 90 degrees to the position a 

similar rectangle at the other end, but the plates forming the sides 
of the duct are clearly not twisted. This may be seen best in the top 
plate AyB^FyE, which joins the two edges A,B and E,F, Now, in 
the example at (6), the two rectangles A,B,C^D and E,F,0,H occupy 
the same positions relative to each other as do those in the exadtdiple 
at (a), but it wiU be seen that the plate from the edgp udiJB is teaUy 
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twisted to join the corresponding long side of the other rectangle 
at F,G, The example at (6) may be regarded as similar to a twisted 
rectangular bar, in which the four faces of the bar must actually 
twist to the new position. The difference in the conditions exem- 
phfied by these two examples should be clearly grasped, aS the 
successful solution of a problem often depends on the satisfactory 
differentiation between a real and apparent twist. 


SWAN-NECK TRANSITION PIECE BETWEEN PARALLEL 

PLANES 

Since the four sides or plates of the transition piece shown in Fig. 
220 are rolled surfaces, the patterns may be developed by the Parallel 
Line Method. The four surfaces are lettered AyB,C,D in clockwise 
rotation. In the right-hand elevation the front surface is marked Ay 
the right-hand side By the back surface is marked with the dotted 
letter C, and the left-hand side with D. The vertical height between 
the two flanges is divided into six equal parts, and numbered as at 
1,2, 3, 4, 5, 6, 7. Through these points, horizontal fines are drawn across 
both elevations, which may represent parallel lines drawn right 
round the surface of' the transition piece, after the manner of 
horizontal cutting planes. 

To develop the pattern for the side marked Ay in the right-hand 
elevation, imagine that side to be stretched or rolled out flat, as 
shown above the elevation. The width of the pattern along the 
parallel lines will be the same as seen in the elevation, but the height 
vertically upwards will be equal to the length of the outside contour 
shown at A'y in the left-hand elevation. Therefore, take the dis- 
tances between the points l',2'; 2',3'; 3', 4'; 4',6'; 5', 6'; 6', 7' and 
mark these off in their respective order along the vertical line pro- 
duced from the edge of the rectangle in the right-hand elevation, as 
seen at F,2",3",4",5",6'^,7". From the points marked off, draw 
parallel lines horizontally across to meet another set drawn vertically 
upwards from the parallel lines which cut the sides in the elevation. 
The contour of the pattern may now be plotted through the points 
where the lines meet, as shown in the diagram. 

The pattern for side 0, shown below the right-hand elevation at 
C^y is obtained in a similar manner. In this case the spacings along 
the contour at C' in the left-hand elevation are marked off along the 
vertical line produced downwards below the edge of the rectangle 
ihithe>Tiglit-band elevation. Horizontal lines drawn across to meet 
the iiae6^ dro|gjied TO downwards from the elevation will 
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produce the points through which the contour of the pattern may 
be drawn. 

The pattern for the side D is shown above the left-hand elevation 
at D'\ and is developed in the same way by spacing the distances 



vertically upwards, this time equal to those along the contour of 
the curve at D in the right-hand elevation. The procedure is other- 
wise the same as for the other two patterns. The pattern for the 
remaining side, B, is not shown, but no difficulty should be experi- 
enced if the same routine is followed, using the spacings from the 
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contour of the curve at B in the right-hand elevation in order to 
obtain the true height of the pattern. 

TRANSITION PIECE BETWEEN PLANES AT BIGHT ANGLES 

The transition piece shown in Fig. 221 is somewhat similar to that 
of the previous problem except that it joins two rectangles in planes 
at right angles to each other. The illustration at Fig. 221, in addition 



to the front and side elevation and plan, presents a projected view 
in the directicm of arrow A. This projection shows the apparent 
twist better than the other views, but the surfaces are actually rolled 
to the radii shown in the elevations. 

The development of the patterns is shown in Fig. 222. As in the 
previous example, a series of horizontal lines is drawn through 
hoHi elevations, as at 1,2, 3, 4, 6, 6, to represent contour lines right 
round the transition piece. The four surfaces are lettered A,B,CjD, 
In the right-hand elevation the front surface is marked A, arui in 
clockwise rotation the right-hand surface becomes B, the b^k 
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surface is marked with the dotted letter C, and the left-hand surface 
with D. 

Now, taking the front surface Ay imagine it to be flattened out as 
seen above at A". The lengths of the horizontal parallel lines across 



the pattern will be the same as seen in the elevation below, but the 
height of the pattern, from point to 5", will be equal to the length 
of the curve at in the left-hand elevation. Therefore, from the 
curve A' take the distances from 1' to 5', and mark them oflf up the 
vertical line from the edge of the front side A in the right-hand eleva- 
tion, as at From these points draw parallel lines hori- 

zontally across to meet the vertical lines drawn from the points on 
the curves in the elevation below. Thus, points will be obtained 
through which to draw the contour of the pattern as shown at A'" 
in the diagram. 

The pattern C*' below the elevation is for the back side C, The 
distances spaced oflf down the vertical line from the edge of the 
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elevation are taken from the contour, marked C\ in the left-hand 
elevation. It will be seen that an extra point, X, is placed between 
5' and 6'. This is to ensure greater accuracy in the spacing between 
those two points. Otherwise the method of drafting the pattern is 
precisely the same as for the front side A, 

The patterns for the sides B and D are obtained from the left-hand 
elevation, and are shown above and below, at B" and D". The 
vertical spacings are taken this time from the right-hand elevation, 
and are equal to the distances round the curves B and D respectively. 

ELBOW TRANSITION PIECE BETWEEN ANGULAR 
PLANES 

When a connecting duct is required between two rectangular 
frames which occupy relative positions such as those shown at 
A,B,CyD and E,F,0,H (Fig. 223) the geometry of the construction 
might take numerous forms. The design here given is one which 
takes a smooth bend, thus offering a minimum of resistance to air 
flow, and is, moreover, of pleasing appearance when it is made. The 
illustration at Fig. 223 shows the plan and elevation as they would 
be given on a working drawing, and also a projected view which 
presents the full radii of the inner and outer curves. 

It may be noticed at this point that the bend is made up of eight 
sides instead of four. For example, in the elevation, perhaps the 
most obvious is the triangular side with its base at F,G and its 
apex at A. The two triangular faces on either side of this are, first, 
the one with its base at AyB and its apex at F, and, second, that 
with its base at AyD and its apex at G. These two triangular sides 
are reversed in position in respect to base and apex. The next two 
triangles on either side of these are represented by mere straight 
lines in the elevation. Thus, the line EFyB at the top and OHyD at 
the bottom represent the triangular faces, which are best seen in 
the projection, at EyFyB and GyHyD, Moreover, it will be seen that 
in the projection the surface G,HyD lies below, or is exactly covered 
by, the surface EyFyB. In the elevation, the next two triangles on 
either side of these are, first, the one with ByC as its base and its 
apex at E and, second, that with its base at CyD and its apex at 
H. Finally, the remaining triangle has its base at EyH and its apex 
at G , 

It is important to locate these triangles carefully before going on 
to the pattern-development, as the successful solution depends on 
a clear vision of these eight faces. It wiU be noticed that each face 
has one straight side and two curved ones, in triangular form. 
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In preparation for developing the pattern, a series of parallel lines 
is drawn round the bend, as shown in Fig. 224. This case is not 
quite so simple as the two previous examples, and will need a little 
care in following the lines round the body of the bend in the eleva- 
tion. First, divide the outer curve in the projected view into a num- 
ber of equal parts, as at F,a,m,A. In the illustration it is divided 



into three only, in order to avoid undue congestion of lines. Project 
the points a and m back into the elevation to cross the triangle 
F^O^Ay in points ajb tod w,n. The short lines a, 6 and m,n obtained 
on this triangle are the starting points for the contours round the 
surface of the bend. For example, from each extremity of the line 
a, 6 draw lines parallel to the two bases AyB and AyD to meet the 
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sides of the next two triangles in c and h. The next two lines in this 
contour in the elevation are really at right angles to the plane of the 
paper. It will be remembered that the outside line EF^B represents 
one of the faces, as seen full in the projected view at E,F,B, Thus, 
in the projected view, the line between the two points marked c and 
d is the line which, in the elevation, is at right angles to the plane 
of the paper, and is represented by the single point marked cd. This 



reasoning applies also to the bottom face at OH^D, in which the point 
marked gh represents a similar line at right angles to the plane of 
the paper. Now, from these two points, cd and gh, in the elevation, 
lines should be drawn parallel to the two bases B,C and C,D to meet 
the sides of the next two triangles in points e and /. Finally, the 
remaining line should be drawn between the two points t and /, 
parallel to the base line F,0, 
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The second contour, derived from point w, is plotted round the 
surface of the bend in precisely the same way as that just described 
in connection with point a, and by a careful inspection of the diagram 
the contour mfntOfPyqyrySti.m in the elevation should be readily 
followed. 

The patterns are developed by the parallel line method and may be 
obtained from the elevation. Considering, first, the triangle AyFyGy 
the direction of the projection for the pattern is taken at right angles 
to the base line FyOy and the perpendicular distance from the base 
line F',0' to the point A' in the pattern is equal to, and taken from, 
the curved back, jP,a,w,^, in the projected view. Thus, the spacings 
F,a ; a,m ; lUyA are taken and marked off along the line in the pattern 
projected from the point .4. Through these points, which are marked 
with a ring round them to make them clear, draw lines parallel to 
the base line F'yG'. From the other points ayhyrriyny on the triangle 
AyFyGy ux tho elovation, project lines into the pattern to cross the 
parallel lines and locate the points Curves drawn through 

G'ya'yfn'yA' and F\b\n'yA' will give the pattern for that side. 

The next triangle to be developed is that at EyHyC in the eleva- 
tion. This pattern is projected at right angles to the base line EyHy 
and the distances marked off along the line projected from C are 
this time taken from the inner curve EyC in the projected view. 
These spacings will be seen marked by heavy dots in the pattern 
from the line E\H' to the point 0\ Through these dots draw lines 
parallel to the base line E'H'y and from the points e,/,g,r, on the side 
of the triangle in the elevation, project lines into the pattern to meet 
the parallel lines in Curves drawn through points E'ye\q'yC' 

and H'yfyT'yC' will complete the pattern for that side. 

The next pattern to receive attention will be that for the side 
AyByF above the middle triangle. From all the points on the sides 
AyiiybyE Rnd ByOyCyFy projoct lines at right angles to the base AyB 
into the |)attem above. Mark off the pattern base line A'yB' in 
any* convenient position. The next step is an important one. It will 
be observed that the joint line between the middle triangle AyFyG 
and the top triangle AyByF occurs along AyUybyF. The length of 
this joint line must be the same on both patterns, otherwise they 
would not fit. This len^h is already obtained in the pattern for the 
middle triangle, as is represented by the curve A\n'yb'yF' in the 
pattern. Therefore, all that is now necessary is to take the distances 
between those points and mark them off in their respective positions 
in the pattern for the top triangle. For example, take the distance 
A* yn' and, from point A' in the pattern at the top, describe an arc 



308 


THE GEOMETRY OF SHEET METAL WORK 


cutting the vertical line from n in point n\ Next take the distance 
n\b' from the first pattern, and from point n' in the top pattern 
describe an arc cutting the vertical line from 6 in point 6'. Now take 
the remaining distance h\F' from the first pattern, and from point 
6' in the top pattern describe an arc cutting the vertical line from 
F in point F\ It may now be remembered that, in the elevation, the 
lines w,o and 6,d are drawn parallel to A^B. Therefore, in the pattern 
above, draw lines from n' and 6' parallel to A',B\ to cut the vertical 
lines from o and d in points o' and d\ Curves may now be drawn 
through A\n',b\F' and B\o'yd',F' to complete the pattern for the 
top triangle. 

The next pattern may now be drafted for the side A,D,0 on the 
left of the middle triangle. The process is similar to that described 
for the top triangle, in so far as lines are projected into the pattern 
from points A,in,a,G and D,t,h,G in the elevation. The length of 
the curved side A',m\a\G' may then be obtained by taking the 
distances A',m'; m\a' ; a\G' direct from the first pattern, and 
stepping these over in their respective order in the left-hand pattern. 
The reason for this is the same as in the previous case, that is, these 
two curved edges in the respective patterns "must fit together along 
the joint line A,m,a,G when the sides are formed and fitted together. 
The lines m\t' and a',^' in the left-hand pattern are drawn parallel 
to A\D\ Curves drawn through the points A\m\a\G' and D\t\W,G' 
will then complete the pattern. 

The patterns for the next two sides EFyB and GH,Dt which lie 
in planes at right angles to that of the paper, may be obtained direct 
from the projected view. Thus, the side F,c,o,B,'p,d,Ey seen in full 
face, is the true pattern required for both sides. This outline is shown 
repeated as a pattern above the elevation at F\c\o\'B,p',d',E\ 

The two remaining patterns B' ,p' ,d\E\e\q\C' and C\r\f\H\g\ 
8\D are developed in precisely the same manner as those obtained 
at the top and on the left of the elevation, and should be readily 
followed from the diagram. 

SPIRAIi FmiAL 

The problems of apparently twisted surfaces so far considered 
have been developed by the parallel line method. Those which follow 
are dealt with by triangulation. 

The spiral finial shown in Fig. 225 is twelve-sided and the amount 
of twist seen in the elevation is governed by the radius of the curves 
in the plan. The outer circle in the plan is divided into twelve equal 
parts, and the ova! segments are drawn, one on each centreline. The 
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vertical centreline in the elevation is divided into any number of 
equal parts, and horizontal lines drawn cross to the outside curves. 
These lines may be regarded as horizontal contours round the surface 
of the finial, and may be located in the plan by dropping vertical 



lines from the points on the outside curve in the elevation to the hori- 
zontal centreline in the plan. Then, with 0 as centre, circles drawn 
from these points will represent the contour lines in the plan. 

The spiral shapes of the joint lines in the elevation may now be 
obtained from the plan. Where the contour circles in the plan cross 
the oval joint lines, the points may be projected vertically i|pwards 
to the corresponding contour lines in the elevation. For Example, 
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in the plan, the oval on the vertical centreline, 05, is crossed by the 
contour lines in points 1,3,5,7,9,11,13,15. Then these points pro- 
jected vertically upwards to the corresponding contour lines in the 
elevation will give the points 1', 3', 5', 7', 9', 11', 13', 15', through which 
the spiral curve may be drawn. This process repeated with the 
points on the next oval, on the centreline 0,6, should produce the 
points 2',4',6',8',10',12',14',16', in the elevation, through which that 
spiral curve may be drawn. In this way all the spiral curves in the 
elevation may be drawn. 

In preparation for developing the pattern for the segment between 
the two joint lines 1 to 15 and 2 to 16, the plan of this segment is 
triangulated as shown by the zigzag line 1,2, 3, 4, . . . 13,14,15,16. 
In the elevation, since the vertical distance between each contour 
line is the same, only one vertical height will be needed in developing 
the pattern. Thus, the first height B,T firom the base is used for all 
the stages between the contours. 

To develop the pattern, take the plan length 1,2 and, as this is 
already a true distance, mark this ofiF in any convenient position in 
the pattern, as at 1",2". Next take the plan length 2,3 and, as this 
passes from one contour line to the next, mark it off along the base 
line at 5, take the true length diagonal up to the top T, and, from 
point 2" in the pattern, swing an arc throug*h point 3". Next take;, the 
plan length 1,3 and, as this also passes up between two contour 
lines, triangulate it against the vertical height J5,T, take the true 
length diagonal, and from point 1" in the pattern describe an arc 
cutting the previous arc in point 3". 

For the second triangle, take the distance 3,4, direct from the plan, 
and, as it is already a true length, from point 3" in the pattern swing 
an arc through point 4". Next take the plan length 2,4 and, as this 
passes between two contour lines, triangulate it against the vertical 
height, take the true length diagonal, and from point 2" in the 
pattern describe an arc cutting the previous arc in point 4". 

It will be noticed that those distances which occur on the contour 
circles in the plan, as, for instance, 1,2; 3,4; ‘'5,6; 7,8; 9,10; 11,12; 
13,14; 15,16, are already true lengths, as they occur in horizontal 
planes and therefore have no vertical heights. These distances are 
taken direct for marking off in the pattern;. All the other plan lengths 
which pass between two contour circles must be triangulated against 
fthe vertical height to obtain the true lengths for the pattern* 

The remainder of the pattern is straightforward triangulation, 
and by following the rules of that method should not be diiicidt to 
, complete. 
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LOBSTEB-BAGK SPIRAL 

The problem represented in Fig. 226 is of a spiral lobster-back^ 
and is typical of many examples where pipes have to form a bend 
round a central column, or take a curve round a comer at an inclined 



angle. The spiral lobster-back may also be used as a dxute for gently 
conveying parcels or material from a point above to another 
vertically below, thus avoiding a direct fall. 

]^f(^e atteiUptihg the pattem«development, it is important to 
grai^ one or ttro importi^t priiioi]^es governing the oonstmctioh 
chute. The pitch is the distance between the points 
cl cpihplete rewoluMph^ to J?, shown in Mg. 2i26 (o). 
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Bbe angle of inclinatioii of the chute is obtained by placing the 
circumference at right angles to the pitch, as illustrated at Kg. 227. 

It is important to observe that when this chute is revolved on the 
central axis of the spiral, each joint line between the segments, as 
it comes round to the front i)osition, presents a straight line which 
is always at right angles to the line of inclination. This may be seen 
by an inspection of the three figures at (a), (6), (c), Fig. 226. In this 
example there are twelve segments to one complete revolution. In 

the figures at (6) and 
(c) the spiral is revolved 
through one-twelfth of a 
revolution, thus bringing 
the straight joint line 
between the segments 
one joint higher up each 
time. In the figure at 
(a) this joint occurs be- 
tween segments 6 and 7. 
In the figure at (6) the 
straight joint line has 
moved up to that be- 
tween segments 5 and 6. 
In the figure at (c) a 
further one-twelffch revo* 
lution brings the straight joint line between the segments 4 and 6. 
Moreover, the joint line is always at the same smgle. A full 
appreciation of this principle is essential before considering the 
problem of developing the pattern. .. 

The drafting of the pattern is given in Kg. 228. One segment only, 
that above the straight joint line, is set out for the development. 
First draw the senucircle A,Om, the plan to represent the centreline 
of the spiral ; also draw the inner and outer semicircles to suit the 
diameter or size of the pipe. Since, in this case^ tiiere arh twelve 
segments in one complete revolution of the spiral, the semic^le 
AjSp which represents one half of a revolution, should be dividM 
into six equal parts, as will be seen lettered A in the 

diajpram.' , , ' ’ ^ 

next stepis to determine the angle and posi^w of tim 
JoiHI line 7^19^ in the elevation. To do^ Ihie ^ 

' mi either aids ctf .the vi^cal-/een 

rdivisioo#^ /eipial to-' 

- be equal to il^ , 



FiQ.227. 
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point O' erect a vertioal line, and mtu-k ofiF the height ©'.P, equal to 
half of the pitch of the spiral. Joini4',P, Then the line if^P repre* 
aents the inclination of the chute, and P,A',0' the angle of inclina* 



3%(i 7', Id' may now be drawn at rijg^t aai^ 

ilm:"'yecti«al:. oen!tMlihm^''oriMiea' 
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plan, there must be six segments in the half-spiral in the elevation. 
Therefore, divide the half-pitch 0\P into six equal parts, and from 
the points obtained thereon, draw horizontal lines to meet a set of 
vertical lines drawn from the points A,B,C,D,E,F,G in the plan. 
The points where these two sets of lines meet should enable the spiral 
curve A" ,B" ,G" jF'' yO" to be drawn in. The point D" occupies 
the centre of the joint line 7', 19'. Nevertheless, D" is not actually 
on the joint line, but represents the centre-point of the circle, or is 
on the central axis of the segment around which the joint line 7', 19' 
is formed. The other edge, or joint line, of this segment is represented 
by the ellipse 6', 18' and it will be observed that the next point E" 
on the spiral is the centre-point of the ellipse. 

To obtain the plan of the segment, on the joint line 7', 19', describe 
a semicircle, divide it into six equal parts and project the points 
perpendicularly back to 7', 19'. This joint line may now be dropped 
into the plan to obtain the ellipse 7,19. It is important now to see 
that, as the joint lines between the segments occur in their respective 
positions round the spiral, the elliptical form of each will be exactly 
the same in the plan. Therefore, to obtain the upper edge, or joint 
line 6', 18, of this segment, all that is necessary in the plan is to repro- 
duce the first ellipse on a centreline through Ey at 30 degrees from 
the vertical centreline through D, This may be done by swinging 
arcs, using 0 as centre, from all the points on the first ellipse, and, 
on either side of the new centreline OyEy cutting them off equal to 
the respective arcs on either side of the vertical centreline 0,I>. 

The next step is to obtain the ellipse 6',18' in the elevation which 
represents the top edge of the segment. It may be recalled now, from 
the consideration of the illustration in Fig. 226, that if i^e joint line 
6', 18' be turned back through one- twelfth of a rotation, it would 
appear as the straight line X, Y, vertically above 7', 19', and identical 
with it in the matter of length and the points on it. Therefore, to 
produce the ellipse 6',18', transfer the line 7', 19' and all the points 
on it, vertically upwards to the position X, F. The vertical distance 
7',X is equal to the vertical pitch of one segment ; that is, equal to 
one of the divisions up the line G',P. Now, from the points on X, Y, 
draw horizontal lines to meet a set of corresponding vertical lines 
from the points on the ellipse 6,18 in the plan. For example, to follow 
this process on one set of points, consider the point 3 on the first 
ellipse in the plan. The corresponding pdbat on the second ellipse is 
point 4. The vertical line from point 3 passes up to point 8' oh the 
line 7', 19', and further upwards to meet the line X, F. From the line 
X,r a short horizcmtal line meets the vertical line from point 4 in 
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point 4'. This process repeated with all the points on the ellipses in 
the plan will result in the second ellipse being obtained in the eleva- 
tion as the ellipse 6', 18'. 

To develop the pattern, which is obtained by triangulation, divide 
the surface in the plan into triangles, as shown numbered at 1,2, 3, 4, 

. . . 21,22,23,24. For the sake of clearness, number the correspond- 
ing points in the elevation as shown at l',2',3', 4', . . . 21',22',23',24'. 
All these points in the elevation should now be projected horizontally 
to a vertical height line, as, in the illustration, to the vertical line 
0\P. The points on the line 7', 19' may be produced beyond the 
vertical height line to serve as base lines along which to mark the 
plan lengths. 

For the first triangle, take the plan length 1,2, and mark it off 
along the base line level with point 1'. Take the true length diagonal 
up to the point level with 2', and in any convenient position to begin 
the pattern, mark off 1",2'^. Next take the plan length 2,3, and mark 
it off along the base line level with point 3'. Take the true length 
diagonal up to the point level with 2', and from point 2'^ in the 
pattern swing an arc through point 3'^. The next distance in the 
pattern l'^,3'^ required to complete the first triangle should be taken 
from the semicircle on the line 7', 19'. These are the true spacings 
round the circular edge of the segment. 

For the second triangle, take the plan length 3,4 and mark it off 
along the base line level with point 3'. Take the true length diagonal 
up to the point level with point 4', and from point y in the pattern 
swing an arc through point 4''. To complete the triangle, again take 
one of the spacings from the semicircle and from point 2" in the 
pattern describe an arc, cutting the previous arc in point 4". 

For the third triangle, take the plan length 4,5, and mark it off 
along the base line level with point 5'. Take the true length diagonal 
up to the point level with point 4', and from point 4" in the pattern 
swing an arc through point 5^. Again take one of the true spacings 
from the semicircle, and from point 3^ in the pattern describe an 
arc cutting the previous arc in point 5". 

The remainder of the pattern is straightforward triangulation and, 
with care in using the correct vertical heights, should be easily com- 
pleted by following this routine. It should be observed that all the 
spacings along both sides of the pattern are equal, and taken from 
the semicircle on the line 7', 19'. All the diagonals are triangulated 
against their appropriate vertical heights. 

This type of chute is simple and eaay to make, as no distortion of 
the segments, other than rolling, is necessary for fitting together. 
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SPIRAL BLADES 

The screw conveyer blade, generally made of 10, 12, or 14 gauge 
mild steel, is an example of a surface really twisted. The illustration 
at Fig. 229, shows a spiral blade of this kind. These are usually 
pressed hot over a forming die, but there are often times when a 
blade or surface such as this has to be made by hand. It is then 
that a clear understanding of the properties of this spiral form is 
essential if the work is to be executed quickly and efficiently. 

A true geometrical pattern for this blade cannot be developed, but 



Fig, 229, 

an approximation can be made, which, when worked oolreotly, will 
reach the form required. 

Imagine the blade shown in the elevation, Fig. 229, to be pressed 
down flat. The result would be a disc with a hole in the centre. This 
process is, of course, the reverse of that required to form the blade^ 
but it serves to show that the pattern should be a circular blank 
with a centre hole, similar to the illustration in Fig. 231. The length 
of the outer circumference of the blank should be equal to the length 
of the outer edge of the spiral. The length of the outer edge of the 
spiral may be found by calculating the length of the hypotenuse of 
a ri^t*angled triangle, as shown at A,J3,C7, Fig. 229, wh^ AfM 
represents the circumf^nce of the plan circle M and A, (/ equals 
the pitch of the spiral. Then the hypotenuse SO 
length of the outer i^iral from to JS, 
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The length of the inner edge of the spiral may be found in the same 
way, by putting A,D equal to the circumference of the centre hole 
N in the plan, and A,C the pitch of the spiral. In this case the hypo- 
tenuse D,C represents the length of the inner spiral from Q to R. 
This principle may be verified by cutting a right-angled triangle 



from a piece of paper, and rolling it on to a cylinder of appropriate 
diameter, as illustrated in Fig. 230. 

Now, if the length of B,C be turned into the circumference of 4 
circle, the diameter should give the size of the disc required for the 
pattern. Again, if the width of the blade be marked off on the inside 
of the circle, and an inner circle drawn to suit this width, as shown 
in Fig. 231, then the circumference of the inner circle should corre- 
spond to the length DyC of the inner spiral. But it will be found that 



the circumference of the inner circle falls considerably short of the 
length DO. In practice, therefore, there is no alternative but to 
stretch, or deform the metal in order to obtain the required shape. 

A worked example will probably illustrate this point more clearly. 

HxAMmJi. The outside diameter of a spiral is 6 in. ; the centre 
diimeter, or size of the shaft around which the spiral fits, is in. ; 
and the pitdb of the q)iral is 6 in. Calculate the size of the blank 
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aud compare the inner circumference with the inner edge of the 
spiral 

Here, the pitch AG = 6 in. 

Circumference of M = Trd 

=: 31416 X 6 
= 18*8496 in. 

/. Outer edge of spiral, BC = '\/62 + 18*84962 

= \/36 + 355*3 

= 19*78 in. 

Again, AD — Trd 

= 3*1416 X li 
= 4*712 in. 

Inner edge of spiral, DC = + 4*7122 

= V36 + 22*2 

= 7*629 in. 

If, now, a disc be cut for the pattern, having a circumference 
equal to that of the outer edge of the spiral, BCt the diameter of 
that disc will 

TT 

_ 19*78 
3 *1416 

= 6*296 in. 

Since the diameter of the spiral is 6 in, and the centre hole 1 J in., 
the width of the blade must be 2 J in., or 4| in for both sides. 
Deducting this from 6*296 we have 

6 296 - 4*5=: 1*796 in. 

which is the diameter of the hole in the disc. 

Here, then, comes the difficulty. The circumference of the 6*296 in. 
circle will conform to the length of the outer i^iral, or 10*78 in., 
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but the circumference of the 1*796 in. inner circle will not conform 
to the length of the inner edge of the spiral. The circumference of 
the 1*796 inner circle 

= 1*796 X 3*1416 
= 5*642 in. 

But the inner edge of the spiral DC is shown to be 7*629 in. There- 
fore, an elongation of nearly 2 in. must take place on the inner edge 



of the blank in order to produce the correct spiral. This, of course, 
can be effectively produced by a hot pressing, but to work such a 
spiral cold, in sheet metal, causes much trouble and difficulty. 

FLAT-BOTTOMED SPIRAL CHUTE 

The type of spiral chute illustrated in Fig. 232 is one which is 
often u^ed for parcels or sacks of grain or other material. The bottom 
of the chute is flat, or horizontal at any position on a line passing 
through the centre of the centre column* Geometrically, the bottom 
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of this chute is exactly the same as that of the spiral conveyer blade* 
Constructionally, the method of making it differs accordhig to the 
size and form of the blank. Generally, a chute of this kind varies 
from 12 in. to 2 ft. in the width of the bottom, and from 2 ft. 6 in. 
to 5 ft. or 6 ft. in overall diameter. For a chute of this size it is not 
practicable to make the bottom from full circular blanks. It is much 
easier to make it in short sections, as shown in Fig. 232. 

The problem of stretching or beating the metal to make it conform 
to the required shape is the same for the large chute made in sections 
as it is for the smaller conveyer blade made from one circular disc. 



However, the fractional sections of the larger chute somewhat ease 
the difficulty of so much stretching, which needs to be a maximum 
at the inner circumference, diminishing as the operation moves 
outwards to the outside edge of the chute. 

The size of the pattern may be obtained by calculation similar 
to the example given for the conveyer blade. The full circle may 
then be divided into sectors small enough to suit requirements. The 
illustration at (6), Fig. 232, shows a plan and elevation of one secticm 
only. It will be noted that in the elevation the section presents two 
parallel lines at the top and bottom. This shows that the short inner 
cmviii, which fits agahrst the centre column, must traYerse the same 
vertical height as the longer outer curve. The necessity for hammer* 
ing and stretching on the inner ride of the pattern should 
be evident. With an aHowance on each side of the pattern sihri^ 
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to that shown at (c), Fig. 232, the amount of beating and deformation 
may be reduced, and the fitting together of the sections somewhat 
simplified. 

The vertical side of this chute, which forms the outer rim, is a 
very simple problem of development, and is equally straightforward 
in the matter of construction. The illustration at Fig. 233 shows 
the pattern for this form of spiral developed. The left-hand view 
is an elevation of the vertical rim only, without the central column 
and the flat bottom. The pattern on the right-hand side is obtained 
by setting out AB equal to the length of the plan circumference, 
and AC equal to the pitch of the spiral. The heights CD and BE 
are each equal to the vertical height of the rim. Then the pattern 
BCDE only needs rolling on an axis parallel to the two ends CD 
and BE, in order to produce the spiral form required for the rim of 
the chute. The pattern for the full revolution, as shown in the figiure, 
may, of course, be made up of short pieces as desired. 
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Air filter, conical base of, 207 
Alternative method, 224 
Apparent twisted surface, 299 
Auxiliary projection, 101, 120, 157 

Bowls and vases, ornamental, 163 
Branch on four-piece lobster-back, 
154 

pieces in pipe work, 145, 236 

Breeches piece, four- way, 190 
, of unequal dia- 
meters, 239 

of unequal diameters, 237 

, two-way, 187 

Canal boat cabin, stove chimney, 123 
Central sphere, further problems of, 
169 

Chute from elevator head, 134 
Chutes with sides kinked, 134 
Classification of form, 2 

of methods, 203 

Cleaning-out stump on lobster-back, 
154 

Coal hod, 271 

Common central sphere, 109 

applied to tapered 

lobster-back, 254 
Complex double transformer, 265 
Complicated drawings, 136 
Cone and cylinder, tangential inter- 
section, 207 

and sphere, intersection, 213 

Conic sections, 204 

Conical base of an air filter, 207 

branch piece, multiple, 148 

^ two-way, 146 

connection on duct comer, 144 

hopper comer, 274 

jug tops, 14 

pan, complex, 21 

, oval, 23 

spout on angular comer, 144 

— on cylindrical body, 143 

ventilator base, 136 

Connection to lobster-back, 151 
Comer bend, square, 58 

wall homper, 177 

Cross pipes which partially intersect, 
159 

Curbs, 45 


Cutting planes, method of, 202, 204 
Cylinder and tallboy transformer 
intersection, 225 

-- — penetrating transformer at an 
angle, 228 

Cylindrical chute, oblique, 162 
pipe elbow, 26 

Displaced apex, 14, 16 
Double offset elbow, 28 

projection, 104, 277 

applied to pipe intersec- 
tion, 278 

return elbow, 27 

transformer, complex, 265 

Downspout heads, 107 

Egg-shaped oval, 179 
Elbow, 24 

gusset pieces, 41 

transition piece between angu- 
lar planes, 304 

Elevator hoppers with kinked sides, 
131 

Elliptical cross-section, oblique cone, 
234 

Fancy canister lids, 14 
Feed hopper to elevator boot, 132 
Finial, spiral, 308 
Finials, roof, 109 
Fishtail nozzle, 86 
Flat-bottomed spiral chute, 319 
Four- way breeches of unequal dia- 
meters, 239 

piece, 190 

junction piece, 242 

Frustum, oblique cone, 81 
Fundamentcd principles, 72 
Funnel, off-centre, 172 

Gas stove connection, 123 
Golden rule of triangifiation, 49, 82 
Grouping of similarities, 66 
Gusset piece, elbow, 41 
Gutters, 45 

Hip bath, 88 

Hood connection, special type, 270 

for boiling kettle, 92 

with comer radii, 74 

Hoppers with kinked sides, 131 


323 



324 


THE GBOMETBY OF SHEET METAL WOBK 


IicPOBTANT principle, 184 
Intersection, cone and cylinder, 207 

, oblique cone and right cone, 232 

, and sphere, 216 

, conical hood and vertical 

due, 231 

, right cone and sphere, 213 

, transformer and cylinder, 226 

^ and right cone, 228 

, two right cones, 217 

Intersections, problems of, 202 
Intricate pattern developments, 136 

Junction piece, 192 

, four-way, 242 

, straight backed, 196 

, three-way, rectangle-to- 

circle, 200 

— ^ two-way, square- to -circle, 

198 

transformer, three-way, 245 

Kinks in hoppers and chutes, 131 

Link of intersection, varying, 203 
Lobster-back bend, 38 

, cleaning-out stump on, 154 

, connection to, 161 

, four-piece, branch on, 164 

spiral, 311 

, tapered, by triangulation, 266 

, , from oblique cone, 248 

Mbthod of cutting planes, 202, 204 

, similarities of, 221 

Methods, classification of, 203 * 

of general application, 212 

More projections, 282 
.Moulding, 46 

sections, 107 

Multiple branch piece, conical, 148 

JNTozzXiE, fishtail, 86 

Numbering the points, method of, 63 

Oblique cone, applications of, 82 

deiced, 8, 79 

develof^, 80 

frustum, 81 

intersecting right cone, 

, 232 

, true lengths, 90 

conic sections 233 

conical breeches# o€*oeiitr « 269 

— — two-way, 146 

— bcqpper 94 262 


Oblique conical hopper on spherical 
dome, 216 

coimecting pipe, 37 

cylinder defined, 32 

cylindrical chute, 43, 162 

hoppers, 106 

“Y” piece, 35 

tee, 30 

, off-centre, 98 

Off-centre pipe on oblique cone, 294 
Off-set pipe connection, 290 
Ornamental bowls and vases, 163 
Oval conical pan, 23 

connection to cylinder, 176 

, construction of, 18 

, egg-shaped, 179 

Oval-to-circle transformer, 67 

PaballbIj Line Method, 6, 151 
Pattern-drafting, skill in, 142 
Patterns drawn to scale, 62 
Petrol measure top, 271 
Pipe connection, off-set, 290 

on oblique cone, off-centre, 294 

Pitfalls in triangulation, 267 
Plant work, 75 
Prism, 2 

Projected views, 119 
Projection, auxiliary, 101 
Pyramid, 2 

cut obliquely, 17 

Rapial Line Method, 5 
Real twisted surface, 299 
Rectangle-to -circle transformer, 64, 
114, 117 

Rectangle, semicircle-to -circle trans- 
former, 71 ► 

Rectangular branch on cylindrical 
pipe, 167 

duct, twisted, 69 

Right-angled tee, equal diameters, 29 

, off-centre, 101 

Right cone cut obliquely, 11 

defined, 8, 79 

intersected by oblique 

cone, 232 

cones, intersection of two, 217 

conic frustum, 10 

cylinder defin^# 32 

cylindrical piece, 36 

Roof finials, 109 

ventiletor base, 186 

Rose bowl, segnmtsl, 164 

SoAUB pan, 45 
— patterns drawn to, 62 
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Segmental mouldingB» 163 
— — rose bowl, 164 
vase, 167 

Semicircle-to -circle transformer, 69 
Shoe-shaped funnels, 106 
Short-cut method, 211 
Short radius, 49 
Similarities, grouping of, 66 

of methods, 221 

Skill in pattern-drafting, 142 
Smoke hood, 82 

Smooth surface, triangulated, 184 
Special type hood connection, 270 
Spherical dome and oblique conical 
hopper, 215 
Spiral blades, 316 

chute, flat-bottomed, 319 

flnial, 308 

lobster-back, 311 

Spout from mixer outlet, 43 
Square comer bend, 68 

pipe elbow, 25 

Square-to -circle transformer, 61 

two-way junction, 198 

Stove chimney connection, 123 

off-centre, 127 

elbow connection, 127 

Straight-backed junction, 196 
Subcon traiy section, 36, 79, 234 
Surface, dividing into triangles, 50 
Swan-neck transition piece, 300 

Tallboy transformer, 61 
and cylinder, intersec- 
tion, 225 

Tangential intersection of cone and 
cylinder, 207 

Tapered lobster-back by common 
central sphere, 254 

by triangulation, 256 

from oblique cone, 248 

from right cone, 262 

Tee joints and branches, 28 
Three-way junction, rectangle to 
circle, 200 

— transformer, 246 


Transformer, 2 

and cylinder, penetration at 

angle, 228 

and right cone intersection, 228 

on roof apex, 186 

, oval-to-circle, 67 

, rectangle, semicircle-to -circle, 

71 

, rectangle-to-circle, 64 

segment, 123 

, semicircle-to-circle, 69 

, square- to-circle, 61 

, square twisted, 56 

Transformers between parallel planes, 
54 

Transition piece between angular 
planes, 304 

parallel planes, 300 

planes at right 

angles, 302 

Triangulating a smooth surface, 184 
Triangulation, 6, 49 

, adaptability of, 113 

, golden rule of, 49 

, pitfalls in, 267 

Triple intersection developed, 170 
True lengths on the oblique cone, 90 
Twisted rectangular duct, 59 

surfaces, 299 

Two-way breeches piece, 187 

conical branch piece, 146 

junction piece, 192 

Unusual problems, 259 

Vabibty of treatment, 53 
Varying line of intersection, 203 
Vase, segmental, 167 
Vases and bowls, ornamental, 163 
Ventilator base, conical, 136 

Watbbing-can rose, 8 
Wheel-arch panel, 47 
Wheelbarrow body, 17 

“Y** PIECE, a difficult problem, 283 
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